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What’s a common 
denominator 
of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 
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patient parameter 
modules, racks, 
printers, record- 
ers, and displays. 


Simply put: It’s revolutionary. 
The patient monitoring system 
that has it all. Sophisticated 
data management; information 
reliability; unprecedented 
versatility with a comprehen- 
sive range of interchangeable 
parameter modules for the 
ICU/CCU; intuitive operation 
for ease of use; color displays 
for enhanced readability; 
flexibility to customize screens, 
printed reports, and graphical 
and tabular trends; bedside 
recorder for real-time and 
delayed alarm recording; stor- 
age and printout of patient's 
vital signs over the past 24 or 
48 hours; and component 
modularity for affordability 
and guaranteed upgradabil- 
ity. Introducing the HP Com- 
ponent Monitoring System. 


Now data management is 
as easy as 1, 2, 3. 

Literally. Because our Compo- 
nent Monitoring System does 
for patient information what 
the electronic spreadsheet 
did for business management. 
Powerful pre-programmed 
calculations let you see hemo- 
dynamic, oxygenation, and 





Satellite rack can be mounted in 
remote locations for maximum 
convenience and accepts extra 
parameter modules for additional 
measurements. 


Modular compo- Simplicity itself: 





nents separate intuitive opera- 
so you can cus- tion, built-in 
tomize system to ng database, 
your needs, the and “creen 
patient’s needs, ~‘‘hel) ‘d 
and the physical prom) -mplify 
layout of the - learning for 
room. nurses and staff. 





ventilation results on-screen 
already calculated in tabular 
format. Now imagine printing 
that information at the bed- 
side—in any configuration 
you want, with only the in- 
formation you want—with all 
important patient informa- 
tion marked and annotated. 


Information when you 
need it. 

Instantly. With on-screen ac- 
cess to complete physiological 
information. Now you can 
make diagnostic decisions 
more quickly, easily, and con- 
fidently. And, you can even 
make them at home or in your 
office with a computer via 

a modem. You’ll also find it 
easier than ever to check car- 
diac output and wedge pres- 
sures. And another feature 
you'll appreciate is that every 
screen, chart, or printout is 


formatted with a patient ID 
for accuracy and convenience. 


Information where you 
want it. 

Allin one place. In one system, 
on one screen. And thanks 

to component modularity, 

you can mix and match patient 
parameter modules, satellite 
racks, printers, recorders, and 
displays to tailor that informa- 
tion to your specific needs. 


System updateability 
protects your investment. 
HP gives you exactly what you 
want or can afford now, and 
lets you add different capabili- 
ties later. You can even incor- 
porate future technology as 
it’s made available. But that’s 
not all. There’s also Hewlett- 
Packard’s system reliability 
and unmatched service and 
support. So whether you 
want an easy-to-use patient 
monitoring system that’s the 
most advanced, the most 
powerful, or the most versatile, 
the choice is simple. It’s HP’s 
revolutionary new Compo- 
nent Monitoring System. Call 
your local HP representative 
and ask for a demonstration. 
It’s that simple. 


The new revolution in 
patient monitoring. 
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CORONARY ARTERY DISEASE 


of Reperfused Q-Wave Acute Myocardial Infarction by 
Cine Magnetic Resonance Imaging 

Roderick B. Meese, Charles E. Spritzer, Rosa Negro-Vilar, 
Thomas Bashore, and Robert J. Herfkens 


Twenty-five patients who had documented coronary artery 
perfusion or who underwent a successful percutaneous translu- 
minal angioplasty reperfusion were studied at a mean time 
interval of 7 days after acute myocardial infarction with dy- 
namic gradient refocused magnetic resonance imaging to de- 
tect and functionally assess AMI. Twenty patients with both 
an absolute decrease in myocardial signal and a matched re- 
gional wall motion abnormality had AMI properly identified 
by cine MRI. Our findings suggest that cine MRI may play an 
important role in the future detection and functional charac- 
terization of AMI. 


10 


in Acute Myocardial Infarction 

Gunnar V.H. Jensen, Christian Torp-Pedersen, Lars Køber, 
Frank Steensgaard-Hansen, Yvonne H. Rasmussen, 

Jens Berning, Knud Skagen, and Asger Pedersen 


The prognosis of late ventricular fibrillation after acute myocardial 
infarction was studied by lengthening the continuous electrocardio- 
graphic monitoring period after AMI in 4,269 consecutive patients in 
the coronary care unit. Results show that late versus early VF had no 
prognostic implication, and that for patients who are discharged from 
the hospital, the risk factors are heart failure and previous AMI. 


Left Ventricular Function in Acute Myocardial 
Infarction 

Florence H. Sheehan, Wolfgang G. Schmidt, 

and Edward L. Bolson 


In 238 patients with acute myocardial infarction who were receiving 
intracoronary streptokinase, the circumferential extent of left ventric- 
ular hypokinesis was measured by 5 methods and correlated with the 
location of the infarct-related coronary artery segment, as well as with 
1-year survival. Of the 5 methods, 1 focused only on the infarct region 
and 4 had varying noise filter complexities. We found that measure- 
ments with all methods correlated significantly with survival and that 
complex noise filters provide no advantage over simple filters in mea- 
suring the extent of hypokinesis. 


0 ONES FS SS ee ee 
Analysis of Possible Triggers of Acute Myocardial 
Infarction (The MILIS Study) 

Geoffrey H. Tofler, Peter H. Stone, Malcolm Maclure, Elazer 
Edelman, Vicki G. Davis, Thomas Robertson, Elliott M. 
Antman, James E. Muller, and the MILIS Study Group 
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Detection, Characterization and Functional Assessment 


Prognosis of Late Versus Early Ventricular Fibrillation 


Influence of Coronary Arterial Thrombus Location on 
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The possible triggers of acute myocardial infarction reported by 849 


patients enrolled in the Multicenter Investigation of the Limitation of 
Infarct Size were analyzed. Possible triggers were identified by 48.5% 
of the population; the most common types were emotional upset 
(18.4%) and moderate physical activity (14.1%). Combined triggers 
were reported by 13% of the population. Younger patients, men and 
nondiabetics were more likely to report a possible trigger than were 
older patients, women and diabetics. The likelihood of reporting a 
possible trigger was not related to infarct size. Further analysis of 
potential triggers may provide important insight into the pathophysi- 
ology of the onset of acute myocardial infarction. 


28 

Partial Resistance to Anticoagulation After 
Streptokinase Treatment for Acute Myocardial 
Infarction 

Doron Zahger, Yoram Maaravi, Yaacov Matzner, Dan Gilon, 
Mervyn S. Gotsman, and A. Teddy Weiss 


This study compared the response of 2 different groups of patients to 
anticoagulants: 50 streptokinase-treated patients with acute myocar- 
dial infarction, and 24 AMI patients who received anticoagulants 
without thrombolysis plus 11 patients who received anticoagulants for 
noncoronary reasons. The streptokinase-treated AMI patients re- 
quired much higher dosages of heparin to achieve the target activated 
partial prothrombin time and their time to reach adequate anticoagu- 
lation with heparin and warfarin was significantly prolonged while the 
actual APTT achieved was lower. We suggest that after thrombolysis, 
AMI patients need higher heparin doses and more frequent dose ad- 
justments to overcome a prothrombotic state. 


SE atl eens ONES a Bee a a RAs Uihe: 
Prevention of Late Ventricular Dilatation After Acute 
Myocardial Infarction by Successful Thrombolytic 
Reperfusion 


Carl J. Lavie, James H. O'Keefe, Jr., James H. Chesebro, 
lan P. Clements, and Raymond J. Gibbons 


To examine the sequential changes in left ventricular volume after 
thrombolytic therapy for acute myocardial infarction, gated radionu- 
clide ventriculography was performed within 12 hours of thrombolysis 
and at 1 and 6 weeks in 34 consecutive patients who received intrave- 
nous thrombolytic therapy in the Thrombolysis in Myocardial Infarc- 
tion Trial. Left ventricular volumes increased significantly (p = 0.05) 
between | and 6 weeks in 24 patients with successful reperfusion as 
well as those without immediate reperfusion, but the changes in both 
end-diastolic volume index and end-systolic volume index were less in 
the reperfused group (p = 0.01 and 0.02, respectively). Our data 
indicate that ventricular dilatation occurs between 1 and 6 weeks, is 
proportional to systolic dysfunction and may be substantially de- 
creased by successful thrombolytic reperfusion. 
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Beneficial and Detrimental Effects of Lidoflazine in 
Microvascular Angina 

Richard O. Cannon, Ill, John E. Brush, Jr., William H. 
Schenke, Cynthia M. Tracy, and Stephen E. Epstein 
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Lidoflazine, a piperazine derivative calcium antagonist, was studied in 
22 patients with microvascular angina. Lidoflazine improved exercise 
duration and time to onset of chest pain during exercise testing. Three 
patients, however, developed malignant ventricular arrhythmias and 
we conclude that lidoflazine may be unsafe for clinical use because of 
its propensity to cause fatal ventricular arrhythmias. 


42 

Dissociation of Exercise Tolerance and Total 
Myocardial Ischemic Burden in Chronic Stable Angina 
Pectoris 

William E. Shell and Dorothy Dobson 


A double-blind, placebo-controlled comparison of nifedipine and 
transdermal nitroglycerin was performed in 20 patients with chronic 
stable angina with symptomatic and silent events. The protocol design 
was made up of 2 placebo periods, 2 active periods and a crossover. 
Our data indicate that exercise tolerance time and total ischemic time 
measured by ambulatory monitoring can be dissociated from one an- 
other, probably reflecting different precipitating mechanisms for the 
ischemic events. 


49 

Comparison of Dissection Rates and Angiographic 
Results Following Directional Coronary Atherectomy 
and Coronary Angioplasty 

Michael H. Rowe, Tomoaki Hinohara, Neal W. White, Gregory 
C. Robertson, Matthew R. Selmon, and John B. Simpson 


We compared angiographic results after directional coronary atherec- 
tomy and balloon angioplasty. Due to significantly less severe residual 
stenosis and lower incidence of dissection, atherectomy results in sig- 
nificantly improved postprocedure angiographic appearances com- 
pared with angioplasty. 


54 
Effects of Exercise on the Signal-Averaged 

am in Coronary Artery Disease 
Edward B. Caref, Nieca Goldberg, Lawrence Mendelson, 
Gerard Hanley, Rachel Okereke, Richard A. Stein, 
and Nabil El-Sherif 


In 52 patients with coronary artery disease, we investigated the effects 
of exercise on the signal-averaged electrocardiogram. Our results sug- 
gest that exercise-induced electrophysiologic changes and ventricular 
arrhythmias may not be related to the anatomic-electrophysiologic 
substrate that underlies late potentials on the signal-averaged 
electrocardiogram. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


59 

Biobehavioral Variables and Mortality or Cardiac 
Arrest in the Cardiac Arrhythmia Pilot Study (CAPS) 
David K. Ahern, Larry Gorkin, Jeffrey L. Anderson, Camlin 
Tierney, Alfred Hallstrom, Craig Ewart, Robert J. Capone, 
Eleanor Schron, Donald Kornfeld, J. Alan Herd, David W. 
Richardson, and Michael J. Follick, for the CAPS 
Investigators 





We tested the association between biobehavioral factors and the inci- 
dence of clinical cardiac events in a prospective clinical trial, the Car- 
diac Arrhythmia Pilot Study. Our results indicate that the type B 
behavior pattern, higher levels of depression and lower pulse rate re- 
activity to challenge were significant risk factors for death or cardiac 
arrest, after adjusting statistically for a set of known clinical predic- 
tors of disease severity, including ventricular premature depolariza- 
tion rates and left ventricular ejection fraction levels. 


63 

Relation of Psychosocial and Stress Reactivity 
Variables to Ventricular Arrhythmias in the Cardiac 
Arrhythmia Pilot Study (CAPS) 

Michael J. Follick, David K. Ahern, Larry Gorkin, Raymond S. 
Niaura, Alan J. Herd, Craig Ewart, Eleanor B. Schron, 
Donald S. Kornfeld, and Robert J. Capone, for the CAPS 
Investigators 


The purpose of this study was to investigate the relation of bio- 
behavioral factors to frequency of ventricular premature complexes 
and ejection fraction, which are predictors of sudden death. The study 
population was made up of patients enrolled in the National Heart, 
Lung, and Blood Institute’s Cardiac Arrhythmia Pilot Study. Our 
data indicate that biobehavioral factors were not associated with diur- 
nal ventricular premature complex rates or ventricular functioning. 
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Antiarrhythmic and Hemodynamic Evaluation of 
Indecainide and Procainamide in Nonsustained 
Ventricular Tachycardia 

Craig M. Pratt, Marilyn J. Francis, Allen A. Seals, 

William Zoghbi, and James B. Young 


We evaluated the hemodynamic and antiarrhythmic effects of inde- 
cainide and compared it to procainamide in patients with nonsus- 
tained ventricular tachycardia. Although indecainide was superior in 
suppressing nonsustained VT, the indecainide patients developing se- 
rious toxicity had a common hemodynamic profile: ejection fraction 
<22%, elevated left ventricular filling pressures, low cardiac and 
stroke volume index and minimal cardiac reserve. 


CONGENITAL HEART DISEASE 
75 
The Timing of Closure of the Ductus 


Spontaneous 
Arteriosus in Infants with Respiratory Distress 


Syndrome 
Mark D. Reller, Michael A. Colasurdo, Mary J. Rice, and 
Robert W. McDonald 


We evaluated 36 premature infants using echocardiographic color 
flow Doppler techniques, to evaluate the actual impact that respira- 
tory distress syndrome has on duration of ductal shunting by assessing 
the timing of spontaneous functional closure. For most infants 230 
weeks gestation, uncomplicated RDS does not alter the usual timing 
of functional ductal closure. 


79 

Pulsed Doppler Evaluation of Right Ventricular 
Diastolic Filling in Children with Pulmonary Valve 
Stenosis Before and After Balloon Valvuloplasty 
Roger P. Vermilion, A. Rebecca Snider, Jon N. Meliones, 
Jane Peters, and Lyne Merida-Asmus 
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To assess right ventricular diastolic filling in valvular pulmonary ste- 
nosis, we studied 14 children with PS and 14 age-matched control 
subjects, using pulsed Doppler examination of the RV inflow. Patients 
with PS have abnormal diastolic filling with decreased filling in early 
diastole and increased filling during atrial contraction. These abnor- 
malities are unchanged immediately after successful relief of RV out- 
flow obstruction, suggesting that hypertrophy rather than afterload 
mismatch is the primary determinant of the impaired relaxation. 


RE a St PN gl ee TA 
Diagnosis and Quantitative Evaluation of Secundum- 
Type Atrial Septal Defect by Transesophageal Doppler 


y 
Keiko Morimoto, Masunori Matsuzaki, Yoichi Tohma, Shiro 
Ono, Nobuaki Tanaka, Hiroyuki Michishige, Kazuya Murata, 
Yoshito Anno, and Reizo Kusukawa 


Transesophageal echocardiography (horizontal sector scan) was per- 
formed in 11 patients with suspected atrial septal defect. In all 11 
patients, TEE presented the definite visualization of the secendum 
defect and a clear laminar shunt flow. Thus, TEE is a useful method 
in evaluation of the defect size and the shunt flow volume of ASD. 
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A major trend in 


cardiovascular diagnosis 


Næ cardiologists can obtain detailed 
images from a probe placed almost 
adjacent to the heart. Aloka transeso- 
phageal probes go behind the ribcage 
and lungs to overcome these obstacles 
to ultrasound diagnosis. The difference 
is in our advanced transesophageal 
probe design—powerful, flexible, and 
slim. For easier inser- 
tion and dramatically of . 
enhanced patient | 
comfort. They can be 
left in place for pre-, 
tra-, and post-oper- 
ative monitoring by 
cardiac surgeons and 
anesthetists. 
These probes are so 
slim that even small children can accept 
them. Adults can swallow them while 
awake, making them suitable for out- 
patients as well. No other method can 
present such valuable cardiac data with 
so little patient discomfort and so 
much safety. 


Smaller, more versatile designs 


Patient comfort and diagnostic preci- 
sion now come in three probe varieties. 
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Because these probes are so easy to 
swallow, they greatly broaden the range 
of ultrasound applications. 

Since the introduction of the SSD-870 
cardiovascular sector scanner, our single 
plane probe has been a primary reason 
for the recognition of the transesopha- 
geal technique as an essential cardiac 
diagnostic tool. Now it is joined by the 
new ultra-slim Aloka pediatric model, 
with tiny 7mm rounded head and slim 
insertion tube. 

We are also proud to introduce a new 
biplane probe. By performing two 
sector scans with a single probe, this 
minimizes blind spots and allows three 
dimensional exploration, giving you even 
more information than a single plane 
configuration. 


Extending the powerful perfor- 
mance of the SSD-870 


Since we introduced the world's first 
commercially available ultrasonic diag- 
nostic scanner in 1960, the Aloka name 
has become synonymous with ultra- 
sound innovation. Our top-of-the-line 
SSD-870 boasts unsurpassed image 
quality, high frame rate, multi-function 
cine memory, and scrolling memory. 
With our new probes, you'll find that 
the SSD-870 now gives you more 
diagnostic power than ever before. 
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CORONARY ARTERY DISEASE 


1 

Detection, Characterization and Functional Assessment of 
Reperfused Q-Wave Acute Myocardial Infarction by Cine 
Magnetic Resonance Imaging 

Roderick B. Meese, Charles E. Spritzer, Rosa Negro-Vilar, 

Thomas Bashore, and Robert J. Herfkens 


Twenty-five patients who had documented coronary artery perfusion or 
who underwent a successful percutaneous transluminal coronary angio- 
plasty reperfusion were studied at a mean time interval of 7 days after 
acute myocardial infarction (AMI) with dynamic gradient refocused 
magnetic resonance imaging (cine MRI) to detect and functionally assess 
AMI. Global ejection fractions and regional wall motion abnormalities 
were evaluated at 7 days by cine MRI, left ventriculography and radionu- 
clide angiography. Twenty patients with both an absolute decrease in 
myocardial signal and a matched regional wall motion abnormality had 
AMI properly identified by cine MRI. These findings were not present in a 
group of 15 asymptomatic volunteers. Ejection fraction and wall motion 
concordance rate by MRI were comparable with radionuclide angiogra- 
phy. These findings suggest that cine MRI may play an important role in 
the future detection and functional characterization of AMI. 


10 

Prognosis of Late Versus Early Ventricular Fibrillation in 
Acute Myocardial Infarction 

Gunnar V.H. Jensen, Christian Torp-Pedersen, Lars Kgber, 

Frank Steensgaard-Hansen, Yvonne H. Rasmussen, Jens Berning, 
Knud Skagen, and Asger Pedersen 


It has been claimed that late ventricular fibrillation (VF) occurring >48 
hours after acute myocardial infarction (AMI) is associated with a very 
high mortality. Accordingly, the benefits of long-term electrocardiograph- 
ic monitoring should be very limited. We describe the prognosis of all 
patients with late or early VF among 4,269 consecutive AMI patients. All 
patients were continuously monitored for as long as necessary to observe 
all occurrences of VF for 18 days after AMI. Two hundred eighty-one 
patients (6.7%) had early VF, and 132 (3.1%) had late VF. In-hospital 
mortality was 50% /54% for early /late VF (p = 0.31). Survival analysis 
showed the same 1- and 5-year prognoses for patients with early and late 
VF when unassociated with heart failure. When heart failure was present, 
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patients with late VF had better 2- and 5-year prognoses than patients 
with early VF. Logistic regression and Cox analysis demonstrated that 
late VF was without independent significant relation to in-hospital death 
or long-term risk in this population. 


16 

Influence of Coronary Arterial Thrombus Location on Left 
Ventricular Function in Acute Myocardial Infarction 
Florence H. Sheehan, Wolfgang G. Schmidt, and Edward L. Bolson 


In 238 patients with acute myocardial infarction, the circumferential 
extent of left ventricular hypokinesis was measured by 5 methods and 
related to the location of the infarct-related coronary artery segment, and 
to 1-year survival. The results showed that the hypokinetic segment length 
correlates with thrombus location on the left anterior descending artery 
but not on the right coronary artery. The method yielding the closest 
correlations with survival and artery anatomy was identified. 


22 


Analysis of Possible Triggers of Acute Myocardial Infarction 


(The MILIS Study) 

Geoffrey H. Tofler, Peter H. Stone, Malcolm Maclure, Elazer Edelman, 
Vicki G. Davis, Thomas Robertson, Elliott M. Antman, James E. Muller, 
and the MILIS Study Group 


The possible triggers of acute myocardial infarction reported by 849 
patients enrolled in the Multicenter Investigation of the Limitation of 
Infarct Size were analyzed. Possible triggers were identified by 48.5% of 
the population; the most common types were emotional upset (18.4%) and 
moderate physical activity (14.1%). Combined triggers were reported by 
13% of the population. Younger patients, men and nondiabetics were 
more likely to report a possible trigger than were older patients, women 
and diabetics. The likelihood of reporting a possible trigger was not related 
to infarct size. Further analysis of potential triggers may provide.impor- 
tant insight into the pathophysiology of the onset of acute myocardial 
infarction. 


28 

Partial Resistance to Anticoagulation After Streptokinase 
Treatment for Acute Myocardial Infarction 

Doron Zahger, Yoram Maaravi, Yaacov Matzner, Dan Gilon, 
Mervyn S. Gotsman, and A. Teddy Weiss 


We compared the response to anticoagulants in 2 different groups: 50 
patients who were given streptokinase for acute myocardial infarction 
(AMI), and 24 AMI patients who received anticoagulants without throm- 
bolysis plus 11 patients who were given anticoagulants for noncoronary 
reasons. AMI patients who received streptokinase required 37,755 + 
1,516 (mean + standard error of the mean) U of heparin per day while 
patients without antecedent thrombolysis (with or without AMI) required 
30,294 + 1,089 U (p <0.001). The streptokinase-treated AMI patients 
were treated 4.7 + 0.4 days until adequate anticoagulation was achieved 
versus 3.3 + 0.2 days in the control group. Despite higher heparin require- 
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The physiological and psychological symptoms of substance abuse can mimic an 
astounding range of systemic disorders. 

Even more frightening is the fact that illegal drugs can cause sudden death before 
any symptoms occur — regardless of the dose, blood levels, or route of administration. 
Help your patients stop illegal drug use before it stops them. Ask about abuse as 
a routine part of your examination. 

For information, healthcare professionals may call the National Clearinghouse 

for Alcohol and Drug Abuse: 1-301-468-2600, Monday through Friday, 8:30 AM — 
4:30 PM EST. 
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ments, patients who had received streptokinase attained a lower activated 
partial prothrombin time versus control subjects: 87.2 + 5.0 versus 100.7 
+ 5.9 seconds, p = 0.08. AMI patients who received streptokinase re- 
quired 5.0 + 0.3 days to reach anticoagulation with warfarin versus 4.2 + 
0.2 days in the control group (p = 0.05). Patients who receive streptoki- 
nase for AMI seem to be partially resistant to anticoagulation. 


31 

Prevention of Late Ventricular Dilatation After Acute 
Myocardial Infarction by Successful Thrombolytic Reperfusion 
Carl J. Lavie, James H. O'Keefe, Jr., James H. Chesebro, 

lan P. Clements, and Raymond J. Gibbons 


Radionuclide ventriculography was performed short-term and at 1 and 6 
weeks in 34 patients with acute myocardial infarction who were treated 
with thrombolytic therapy. Left ventricular volumes increased significant- 
ly (p = 0.05) between 1 and 6 weeks in 24 patients with successful 
reperfusion as well as those without immediate reperfusion, but the 
changes in both end-diastolic volume index and end-systolic volume index 
were less in the reperfused group (p = 0.01 and 0.02, respectively). At 6 
weeks, both end-diastolic volume index and end-systolic volume index 
were greater in the nonreperfused group (p <0.05). Between the short- 
term and 6-week studies, definite increases in end-diastolic volume index 
(p <0.05) and end-systolic volume index (p <0.01) occurred more com- 
monly in the nonreperfused group than in the reperfused group. The 
change in end-diastolic volume index between 1 and 6 weeks correlated 
significantly with the ejection fraction at 1 week, infarct location and 
reperfusion status. These data indicate that ventricular dilatation occurs 
between | and 6 weeks, is proportional to systolic dysfunction and may be 
substantially decreased by successful thrombolytic reperfusion. 


37 

Beneficial and Detrimental Effects of Lidoflazine in 
Microvascular Angina 

Richard O. Cannon, Ill, John E. Brush, Jr., William H. Schenke, 
Cynthia M. Tracy, and Stephen E. Epstein 


Lidoflazine, a piperazine derivative calcium antagonist, was investigated 
as therapy in 22 patients with microvascular angina. Compared to baseline 
exercise treadmill testing, lidoflazine 360 mg daily resulted in almost 3- 
minute improvement in exercise duration and time to onset of chest pain. 
Repeat invasive study of coronary flow in 11 patients while taking lido- 
flazine demonstrated significantly greater coronary vasodilatation at rest, 
during pacing, during pacing after ergonovine and after dipyridamole 
administration, compared to their initial drug-free study. During the 
randomized, placebo-controlled phase of the study or shortly after com- 
pletion of the study, 3 patients developed malignant ventricular arrhyth- 
mias and | died, despite significant improvement in symptoms on drug. 
We conclude that the limited coronary vasodilator response in microvas- 
cular angina has a reversible vasoconstrictor component. Despite the he- 
modynamic, symptom and exercise benefit, lidoflazine may be unsafe for 
clinical use because of its propensity to cause potentially fatal ventricular 
arrhythmias. 
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42 

Dissociation of Exercise Tolerance and Total Myocardial 
Ischemic Burden in Chronic Stable Angina Pectoris 
William E. Shell and Dorothy Dobson 


A double-blind, placebo-controlled comparison of nifedipine and 
transdermal nitroglycerin was performed in patients (n = 20) with chronic 
stable angina with symptomatic and silent events. The protocol design 
comprised 2 placebo periods, 2 active periods and a crossover. The end- 
points included ambulatory monitoring and exercise treadmill testing. The 
transdermal nitroglycerin decreased total ischemic time but did not alter 
exercise tolerance time. The nifedipine increased exercise tolerance time 
with a nonstatistically significant change in the duration of ischemia. 
Thus, exercise tolerance time and total ischemic time measured by ambu- 
latory monitoring can be dissociated from one another, probably reflecting 
different precipitating mechanisms for the ischemic events. 


49 

Comparison of Dissection Rates and Angiographic Results 
Following Directional Coronary Atherectomy and Coronary 
Angioplasty 

Michael H. Rowe, Tomoaki Hinohara, Neal W. White, 

Gregory C. Robertson, Matthew R. Selmon, and John B. Simpson 


Angiographic results (i.e., residual stenosis and angiographic evidence of 
postprocedure dissection ) after directional coronary atherectomy and bal- 
loon angioplasty were compared. The atherectomy group consisted of 91 
lesions in 83 consecutive patients who underwent either left anterior de- 
scending or right coronary artery atherectomy. The angioplasty group 
consisted of 91 lesions in 84 patients that were matched with the atherec- 
tomy lesions with respect to vessel and whether the lesion was a restenosis 
lesion. There was no significant difference between the 2 groups with 
respect to age, gender, anginal pattern, preprocedure stenosis or lesion 
morphology. The mean residual stenosis of the atherectomy lesions was 
significantly lower than the angioplasty lesions (13 vs 31%) and the 
incidence of dissection was significantly reduced in the atherectomy group 
(11 vs 37%). Due to significantly less severe residual stenosis and lower 
incidence of dissection, atherectomy results in significantly improved angi- 
ographic appearances after the procedure compared with angioplasty. 


wee RAT NOR. TS ED Ae, OT MD E RED we ELL Myr E oe NES, 
Effects of Exercise on the Signal-Averaged Electrocardiogram 
in Coronary Artery Disease 

Edward B. Caref, Nieca Goldberg, Lawrence Mendelson, Gerard Hanley, 
Rachel Okereke, Richard A. Stein, and Nabil El-Sherif 


The effects of exercise on the signal-averaged electrocardiogram 
(SAECG) were investigated in 52 patients with coronary artery disease. 
The SAECG was recorded before and immediately after the exercise test. 
There was no significant difference between SAECGs at baseline and 
after exercise in patients who developed transient subendocardial ischemia 
(n = 28). The results were unrelated to the presence or absence of prior 
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myocardial infarction, site of infarction, exercise-induced ventricular ar- 
rhythmias or the presence of an abnormal recording at baseline. Exercise- 
induced electrophysiologic changes and ventricular arrhythmias may not 
be related to the anatomic-electrophysiologic substrate that underlies late 
potentials on the SAECG. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


FN aN PIO SERENE Bt ina Be oe ent oe ap ne a 
Biobehavioral Variables and Mortality or Cardiac Arrest in the 
Cardiac Arrhythmia Pilot Study (CAPS) 

David K. Ahern, Larry Gorkin, Jeffrey L. Anderson, Camlin Tierney, 

Alfred Hallstrom, Craig Ewart, Robert J. Capone, Eleanor Schron, 
Donald Kornfeld, J. Alan Herd, David W. Richardson, 

and Michael J. Follick, for the CAPS Investigators 


The present investigation tested the association between biobehavioral 
factors and the incidence of clinical cardiac events in a prospective clinical 
trial, the Cardiac Arrhythmia Pilot Study. Five-hundred two patients 
were recruited with = 10 ventricular premature depolarizations /hour or 5 
or more episodes of unsustained ventricular tachycardia, recorded 6 to 60 
days after a myocardial infarction. Baseline behavioral studies included 
psychosocial questionnaires of anxiety, depression and type A-B behavior 
pattern. In addition, blood pressure and pulse rate reactivity to a portable 
videogame were assessed. The primary outcome was scored on the basis of 
mortality or cardiac arrest. Results indicated that the type B behavior 
pattern, higher levels of depression and lower pulse rate reactivity to 
challenge were significant risk factors for death or cardiac arrest, after 
adjusting statistically for a set of known clinical predictors of disease 
severity, including ventricular premature depolarization rates and left 
ventricular ejection fraction levels. 


RS UIs melas ENIR Re SE: SNe a NRG ee bale OE RENEE EE he BAER hse ST OR 
Relation of Psychosocial and Stress Reactivity Variables to 
Ventricular Arrhythmias in the Cardiac Arrhythmia Pilot Study 
(CAPS) 

Michael J. Follick, David K. Ahern, Larry Gorkin, Raymond S. Niaura, 
Alan J. Herd, Craig Ewart, Eleanor B. Schron, Donald S. Kornfeld, 

and Robert J. Capone, for the CAPS Investigators 


The purpose of this study was to investigate the relation of biobehavioral 
factors to frequency of VPCs and ejection fraction, which are predictors of 
sudden death. The study population was made up of patients enrolled in 
the National Heart, Lung, and Blood Institute’s Cardiac Arrhythmia 
Pilot Study (CAPS). CAPS was a randomized, controlled, clinical feasi- 
bility trial of antiarrhythmic therapy among postmyocardial infarction 
patients with significant rates of ventricular ectopy. Patients completed 
psychosocial measures assessed at baseline and during a 1-year follow-up 
period. Psychosocial measures included self-reports of depression, anxiety, 
anger and type A behavior pattern. A video game challenge was used to 
elicit blood pressure and pulse rate reactivity from resting levels and was 
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administered at baseline and during follow-up sessions. Data indicated 
that biobehavioral factors were not associated with diurnal ventricular 
premature complex rates or ventricular functioning. 


68 
Antiarrhythmic and Hemodynamic Evaluation of Indecainide 
and Procainamide in Nonsustained Ventricular Tachycardia 

Craig M. Pratt, Marilyn J. Francis, Allen A. Seals, William Zoghbi, and 

James B. Young 





We evaluated the hemodynamic and antiarrhythmic effects of indecainide 
and compared it to procainamide in patients with nonsustained ventricular 
tachycardia. Indecainide was superior to procainamide in suppressing 
spontaneous VPCs and VT in patients tolerating the drug. However, a 
total of 8 patients had serious toxicity during the 24-hour intravenous 
phase; the 6 receiving indecainide experienced increased left ventricular 
dysfunction or worsening arrhythmias while the 2 receiving procainamide 
developed hypotension requiring intervention. The indecainide patients 


developing serious toxicity had a common hemodynamic profile: ejection 


fraction <22%, elevated left ventricular filling pressure, low cardiac and 
stroke volume index and minimal cardiac reserve. We recommend that 
alternative therapies be considered in patients with potentially lethal ven- 
tricular arrhythmias and severe left ventricular dysfunction. 
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The Timing of Spontaneous Closure of the Ductus Arteriosus in 
Infants with Respiratory Distress Syndrome 

Mark D. Reller, Michael A. Colasurdo, Mary J. Rice, 

and Robert W. McDonald 


Previous studies evaluating the incidence of patent ductus arteriosus have 
not made a distinction between physiologic ductal patency and abnormally 
persistent ductus arteriosus. However, it has recently been shown that 
healthy premature infants without respiratory distress syndrome (RDS) 
undergo spontaneous closure of the ductus arteriosus in the first 4 days of 
life at times comparable to full-term infants. Thus, ductal patency within 
this time frame could be viewed as physiologic. The purpose of this 
investigation was to evaluate systematically the actual impact that RDS 
has on duration of ductal shunting by assessing the timing of spontaneous 
functional closure. Thirty-six premature infants (30 to 37 weeks gestation- 
al age) were evaluated using echocardiographic color flow Doppler tech- 
niques. By the fourth day of life, only 4 of 36 (11.1%) of the infants 
continued to have evidence of ductal patency. For most infants 2 30 weeks 
gestation, uncomplicated RDS does not alter the usual timing of function- 
al ductal closure. 
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Roger P. Vermilion, A. Rebecca Snider, Jon N. Meliones, Jane Peters, 
and Lyne Merida-Asmus 


To assess right ventricular (RV) diastolic filling in valvular pulmonary 
stenosis (PS), we studied 14 children with PS and 14 age-matched control 
subjects, using pulsed Doppler examination of the RV inflow. The patients 
were examined a maximum of | day before and 1 day after balloon 
valvuloplasty. From the Doppler recording, peak velocities during rapid 
ventricular filling (peak E) and atrial contraction (peak A) and the ratio of 
peak E/peak A were measured. Several areas under the Doppler curve 
were measured, including the total area under the curve and the percent- 
ages of the total area occurring in the first third of diastole (0.33 area 
fraction ), during rapid filling (E area fraction) and during atrial contrac- 
tion (A area fraction). Before balloon valvuloplasty, the patients had a 
higher peak A velocity, a lower peak E/peak A ratio, lower 0.33 area 
fraction and higher A area fraction (p <0.01 ). In the patient group before 
and after valvuloplasty, RV outflow gradient decreased significantly, but 
there was no change in any Doppler measurement. 
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and Reizo Kusukawa 


Transesophageal echocardiography (horizontal sector scan) was per- 
formed in 11 patients with suspected atrial septal defect (ASD). In all 11 
patients, transesophageal echocardiography presented the definite visual- 
ization of the secundum defect and a clear laminar shunt flow. We esti- 
mated the size of ASD and a shunt volume across the defect by using 
transesophageal echocardiography. The defect size determined by transe- 
sophageal echocardiography was correlted with the surgical measure- 
ment. A significant high correlation was shown between the shunt volume 
measured by transesophageal echocardiography and that by Fick’s meth- 
od. There was no significant correlation between the ratio of pulmonary to 
systemic flow and the mean shunt flow velocity across ASD. Thus, transe- 
sophageal echocardiography is a useful method in evaluation of the defect 
size and the shunt flow volume of ASD. 
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Briet Summary A 

DESCRIPTION: Lozol ™ (indapamide) is an oral antihypertensive/diuretic 
INDICATIONS AND USAGE: Lozol is indicated for the treatment of hypertension, alone 
or in combination with other antihypertensive drugs 

Lozol is also indicated for the treatment of salt and fluid retention associated with con- 
gestive heart tailure 

Usage in Pregnancy (see PRECAUTIONS) 

OO TNO ATIONS: Anuria. Known hypersensitivity to indapamide or to other 
Sulfonamide-derived drugs 

WARNINGS: typokajemia occurs commonly with diuretics, and electrolyte monitoring is 
essential, particularly in patients who would be at increased risk from hypokalemia, such 
as those with cardiac arrhythmias or who are receiving concomitant cardiac glycosides 

In general, diuretics should not be given concomitantly with lithium because they reduce 
its renal clearance and add a high risk of lithium toxicity. Read prescribing information for 
lithium preparations before use of such concomitant therapy 


PRECAUTIONS: Sonera 

1. Hypokalemia and Other Fluid and Electrolyte imbalances. Periodic determinations ot 
serum electrolytes should be pertormed at appropriate intervals. In addition, patients should 
be observed for clinical signs of fluid or electrolyte imbalance, such as hyp onatremia, 
hypochloremic alkalosis, or hypokalemia. Warning signs include dry mouth, thirst, weak- 
ness, fatigue, lethargy, drowsiness, restlessness, muscle pains or cramps, brome 
Oliguria, tachycardia. and gastrointestinal disturbance Electrolyte determinations are par- 
ticularly important in patients who are vomiting excessively or receiving parenteral fluids, 
in patients subject to electrolyte imbalance (including those with heart failure, kidney dis- 
gase. and Cirrhosis), and in patients on a salt-restnicted diet 

The risk of hypokalemia secondary to diuresis and natriuresis is increased when larger 
doses are used, when the diuresis is brisk, when severe cirrhosis is present and durin 
concomitant use of corticosteroids or ACTH. Interference with adequate oral intake of elec- 
trolytes will also contribute to ponents Hypokalemia Can sensitize or exaggerate the 
ooo of the heart to the toxic effects of digitalis, such as increased ventricular 
fritability. 

Dilutional tremia may occur in edematous patients; the appropriate treatment is 
restriction of water rather than administration of Salt. except in fare instances when the 
peponatroens is life threatening, However, in actual salt depletion, appropriate replacement 
is the treatment of choice. Any chloride deficit that may occur during treatment is gener- 
ally mild and usually does not require specific treatment except in extraordinary circum- 
Stances as in liver or renal disease. 

2. Hyperuricemia and Gout: Serum concentrations of uric acid increased by an average of 
1.0 mg/100 mL in patients treated with indapamide, and frank Gout may be precions ed in 
certain patients receiving indapamide (see ADVERSE REACTIONS below). Serum concen- 
trations of unc acid should therefore be monitored periodically during treatment 

3. Renal impairment: \ndapamide, like the thiazides, should be used with caution in patients 
with severe renal disease, as reduced plasma volume may exacerbate or Fear be azote- 
mia if progressive renal impairment is observed in a patient receiving indapamide, with- 
ho at of discontinuing diuretic therapy should be considered. Renal function tests should 
be performed periodically during treatment with indapamide 

4, Impaired tic Function: \Indapamide, like the thiazides, should be used with caution 
in patients with im: 


red hepatic function or poses liver disease, since minor altera- 
tions of fluid and electrolyte balance may precipitate hepatic coma 
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The diuretic that doesn't compromise cholesterol 


*Lozol is not a cholesterol-lowering agent, nor has it been shown to reduce existing atherosclerotic plaque. 
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5. Glucose Tolerance: Latent diabetes may become manifest and insulin requirements in 
diabetic patients may be altered during thiazide administration. Serum concentrations ot 
glucose should be monitored routinely during treatment with Lozol 


6. Calcium Excretion Caicium excretion is decreased by diuretics pharmacologically related 
to ps prot In long-term studies of hypertensive patients; however, serum concentra- 
tions of calcium increased only slightly with indapamide. Prolonged treatment with drugs 
pharmacologically related to indapamide may in rare instances be associated with hyper- 
calcemia and hypophosphatemia Secondary to physiologic changes in the parathyroid gland 
however, the common complications of hyperparathyroidism, such as renal lithiasis, bone 
resorption, and peptic ulcer, have not been seen. Treatment should be discontinued before 
tests lor gan roid function are pertormed Like the thiazides, indapamide may decrease 
serum PBI levels without signs of thyroid disturbance 

7. Interaction With Systemic Lupus Erythematosus. Thiazides have exacerbated or 
activated systemic lupus erythematosus and this possibility should be considered with 
indapamide as well 

DRUG INTERACTIONS; | Other Antihypertensives: Lozol (indapamide) may add to or 
potentiate the action of other betas ie hg drugs. In limited controlled trials that com- 
pared the effect of indapamide combined with other antihypertensive drugs with the effect 
of the other drugs administered alone, there was no notable change in the nature or fre- 
quency of adverse reactions associated with the combined therapy 

2. Lithium. See WARNINGS 

3. Post-Sympathectomy Patient The antihypertensive effect of the drug may be enhanced 
in the post-sympathectomized patient 

4. Norepinephrine. \ndapamide, like the thiazides. may decrease arterial responsiveness to 
norepinephrine, but this diminution is not sufficient to preclude effectiveness of the pres- 
sor agent for therapeutic use 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Both mouse and rat lite- 
time pts ven Studies were conducted. There was no significant difference in the 
incidence of tumors between the indapamide-treated animals and the control groups 
Pregnancy/Teratogenic Effects: Pregnancy Catagory B Reproduction studies have been 
performed in rats. mice and rabbits at doses up to 6,250 times the therapeutic human dose 
and have revealed no evidence of impaired fertility of harm to the fetus due to Lozol. Post- 
natal development in rats and mice was unaffected by pretreatment of parent animals dur- 
ing gestation, There are however, no adequate and well-controlled studies in pregnant 
women. Moreover, diuretics are known to cross the placental barrier and appear in cord 
blood. Because animal reproduction Studies are not always predictive of human response 
this drug should be used during pregnancy only if clearly needed There may be hazards 
associated with this use such as fetal or neonatal jaundice, thrombocytopenia, and possi- 
bly other adverse reactions that have occurred in the adult 

Nursing Mothers \t is not known whether this arug is excreted in human milk. Because 
most drugs are excreted in human milk. if use of this drug is deemed essential, the patient 
Should stop nursing 

ADVERSE REACTIONS: Most adverse effects have been mild and transient. In long-term 
controlled clinical studies, cumulative adverse reactions = 5% are. headache, dizziness. 
fatigue, weakness. loss of energy, lethargy, tiredness, or malaise, muscle cramps or spasm. 
or numbness of the extremities, nervousness, tension, anxiety. irritability, or agitation. Cumu- 
lative adverse reactions < 5% are: lightheadedness, drowsiness. vertigo, insomnia, depres- 
SION, blurred vision. constipation, Nausea, vomiting, diarrhea. gastric irritation, abdominal 
pain or cramps, anorexia, orthostatic hypotension, premature ventricular contractions. irreg- 
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ular heart beat, palpitations, trequency of urination, nocturia, polyuria, rasn. mives, pruritus 
vasculitis, impotence or reduced libido, rhinorrhea, flushing, hyperuricemia, hyperglycemia, 
hyponatremie. hypochioremia. increase in serum urea nitrogen (BUN) or creatinine, glycos- 
uria. weight loss, dry mouth, tingling of extremities 

Clinical hypokalemia (i.e.. lowered serum potassium concentration with concomitant clini- 
Cal signs or symptoms} occurred in 3% and 7% of the patients given indapamide 2.5 mg 
and 9.0 mg, respectively In a long-term study of both doses (157 patients given 
indapamide), potassium Supplementation was given to 12% of patients on indapamide 2.5 
mg and 27% of patients on indapamide 5.0 mg 


Other adverse reactions reported with antihypertensive/diuretics are jaundice {intrahepatic 
cholestatic jaundice), Sialadenitis, xanthopsia, photosensitivity, purpuia, necrotizing angiitis, 
fever, respiratory distress (including pneumonitis), and anaphylactic feactions; also, agran- 
ulocytosis, leukopenia. thrombocytopenia, and el anemia. These reactions should be 
considered as possible occurrences with clinical usage of LOZOL 


HOW SUPPLIED: Lgo lindapamide) White, round film-coated tablets of 2.5 mg in 
bottles of 100 (NDC 0075-0082-00), 1.000 (NDC 0075-0082-99). and in unit-dose blister 
packs, boxes of 100 (10 x 10 strips) (NDC 0075-0082-62) 


CAUTION: Federal IU S.A.) law prohibits dispensing without prescription 


Keep tightly closed. Store at room temperature; avoid excessive heat. Dispense in tight 
containers as defined in USP 


See product circular for full prescribing information. Revised: November 1988 (AS) 
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Detection, Characterization and Functional 
Assessment of Reperfused Q-Wave Acute 
Myocardial Infarction by Cine Magnetic 
Resonance Imaging 


Roderick B. Meese, MD, Charles E. Spritzer, MD, Rosa Negro-Vilar, BS, Thomas Bashore, MD, 
and Robert J. Herfkens, MD 





The capability of dynamic gradient-refocused 
magnetic resonance imaging (cine MRI) to detect, 
localize and functionally assess acute myocardial 
infarction (AMI) in 25 patients at a mean time in- 
terval of 7 days after AMI was evaluated. Fifteen 
asymptomatic volunteers were also examined to 
determine the specificity of the observations. Upon 
presentation, each patient received intravenous 
thrombolytic therapy, underwent immediate cardi- 
ac catheterization and had percutaneous translu- 
minal coronary angioplasty performed when coro- 
nary reperfusion was absent. Twenty-four of the 
patients had documented coronary reperfusion at a 
mean interval of 259 + 129 minutes. Global ejec- 
tion fraction and regional wall motion abnormalities 
were evaluated at 7 days by cine MRI, left ventric- 
ulography and radionuclide angiography. Twenty 
patients with both an absolute decrease in myocar- 
dial signal and a matched regional wall motion ab- 
normality had AMI properly identified by cine MRI. 
In contrast, the finding of both decreased signal in- 
tensity and a matched regional wall motion abnor- 
mality was absent in the group of asymptomatic 
volunteers. The ejection fraction by cine MRI corre- 
lated better with the ejection fraction by left ven- 
triculography (r = 0.94, standard error of the esti- 
mate = 3.6) than did the ejection fraction by radio- 
nuclide angiography (r = 0.82, standard error of 
the estimate = 5.8). The regional wall motion con- 
cordance rate in comparison to left ventriculog- 
raphy was similar for both cine MRI (69%) and ra- 
dionuclide angiography (65%). These findings sug- 
gest that cine MRI may play an important role in 
the future detection and functional characterization 
of AMI. 

(Am J Cardiol 1990;66:1-9) 
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(AMI) has undergone dramatic change over the 

past few years due to the widespread acceptance 
and implementation of thrombolytic therapy.! Whereas 
previous emphasis was placed on therapeutic measures 
to limit infarct size and extension,’ current therapy is 
aimed at achieving early coronary reperfusion in hopes 
of obtaining significant myocardial salvage. However, 
factors exist which make the exact amount of myocardi- 
al salvage and resultant functional recovery difficult to 
predict for a given individual patient; these include the 
fact that the ability for a thrombolytic agent to achieve 
coronary reperfusion varies depending on its time of ad- 
ministration and its exact mechanism of action.* Addi- 
tionally, considerable evidence exists that tissue injury> 
may accompany the benefits of reperfusing the myocar- 
dial ischemic zone.® It therefore becomes imperative 
that we continue to develop and investigate safe, nonin- 
vasive methods that allow for the accurate detection, 
localization and functional assessment of recently in- 
farcted myocardium. 

The technique of spin-echo magnetic resonance im- 
aging (MRI) has been extensively used by investigators 
to evaluate both animal models and human patients 
with recent AMI.’-? These studies have confirmed the 
presence of increased magnetic resonance signal on T2 
weighted images within the infarct zone. Also identified 
were the associated findings of early wall thinning and 
adjacent intracavitary signal; unfortunately, these find- 
ings have also been reported to be common in normal 
volunteers.!° This lack of sensitivity appears to represent 
a serious limitation to the accurate detection of AMI by 
spin-echo MRI. 

A second limitation is the poor temporal resolution 
available using spin-echo imaging. As commonly imple- 
mented, only 1 point in the cardiac cycle is acquired at 
each slice location. While a modification of this tech- 
nique allows obtaining 5 images evenly spaced through 
the cardiac cycle at each level, it is time consuming.'! 

Cine MRI is a recently introduced noninvasive im- 
aging technique that may prove instrumental in achiev- 
ing these goals.!? Its high spatial resolution, short acqui- 
sition time and superb temporal resolution of up to 32 
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frames/cardiac cycle has been used by recent investiga- 
tors to assess the functional parameters of ejection frac- 
tion,!? stroke volume!* and intracardiac shunt size.!° 
However, no study has been reported that investigates 
the potential of this technique to assess recent myocar- 
dial infarction in a large group of human patients. 

Accordingly, the purpose of this study was to evalu- 
ate prospectively the ability of cine MRI to provide in- 
formation that will allow for the accurate localization of 
AMI and the reliable assessment of both segmental and 
global myocardial function. An additional objective was 
to identify the extent and prevalence of the decreased 
magnetic resonance signal that has been previously ob- 
served within the zone of AMI in patients evaluated 
with this technique.!® 


METHODS 

Patients: Twenty-five patients (21 men, 4 women) 
with AMI underwent cine MRI of the heart 4 to 12 
days after onset of chest pain (mean 6.9 + 2.2). Each 
subject gave informed consent before the study began. 
All patients presented with an episode of typical, pro- 
longed chest pain and had subsequent increase in kinase 
and muscle brain creatine kinase enzyme levels (Table 
I). Each patient received an intravenously administered 
thrombolytic agent and underwent immediate cardiac 
catheterization. Because this study was an extension of 
the thrombolysis in AMI research protocols, no single 
thrombolytic medication was used in all patients. At the 
time of coronary angiography, the infarct-related coro- 
nary artery was documented. If it was determined that 
coronary reperfusion had not been achieved pharmaco- 
logically, then the patient underwent percutaneous 
transluminal coronary angioplasty in an attempt to re- 
establish coronary flow mechanically. Documented re- 
perfusion was achieved in 23 of 25 patients. Electrocar- 
diographic criteria were assessed both at the time of pa- 
tient presentation and when cine MRI was undertaken. 
All had transmural myocardial infarctions, as deter- 
mined by the presence of pathologic Q waves, at the 
time of cine MRI evaluation. AMI involved the anterior 
wall in 13 patients, anterolateral wall in 2 patients and 
inferior wall in 10 patients. All patients were clinically 
stable and judged to be Killip class I or II at the time of 
cine MRI study. 

For comparative purposes, 15 normal volunteers 
with no evidence of coronary artery disease by either 
history or physical examination underwent cine MRI. 
Thirteen were men and 2 were women with an age 
range of 24 to 42 years. All volunteers were asymptom- 
atic and in normal sinus rhythm at the time of study. 
Each subject gave informed consent. 

Magnetic resonance imaging technique: Cine MRI 
examinations were obtained with a commercially avail- 
able superconducting magnet operating at 1.5 T (GE 
Signa System). Magnetic resonance images were ob- 
tained using a modifiction of a gradient recalled echo 
technique called cine MRI using a 21 ms repetition 
time, 13 ms time to echo and 30° flip angle. As three 10 
mm-thick sections were acquired per acquisition (256 
heartbeats), the temporal resolution was 63 ms. After 
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acquisition, the data were then resorted and interpo- 
lated to produce 16 time frames/cardiac cycle/section 
imaged. Interpolation was used to provide a constant 
number of time frames for each cardiac cycle and was 
necessary because the patient’s heart rate is variable 
throughout the course of the study. Three or four acqui- 
sitions were typically needed to image the entire heart. 
Total imaging time ranged from 18 to 25 minutes. De- 
tails of the technique have been previously described.’:!2 

All patients with anterior or anterolateral AMIs 
underwent cine MRI in the transaxial plane. Because 
accurate interpretation of the inferior walls is often dif- 
ficult in the transaxial imaging plane, subjects with in- 
ferior AMI were imaged in the sagittal, coronal or 
short-axis oblique planes. 

Image analysis: For analysis of global ejection frac- 
tion, the end-diastolic and end-systolic volumes were 
identified as the largest and smallest volumes obtained 
for each contiguous 10-mm slice (Figure 1). In patients 
>] imaging plane, the plane determined to have the 
best contrast resolution was used. Measurement of the 
cross-sectional area for each end-diastolic and end-sys- 
tolic level was undertaken using a track-ball cursor to 
outline the endocardial border on still frames and using 
existing software. Volumes were calculated by adding 
the areas of each individual tomographic slice through 
the left ventricle and multiplying by slice thickness. 
From this determination of total end-diastolic and end- 
systolic volumes, global left ventricular ejection fraction 
could be calculated using the following: end-diastolic 
volume — end-systolic volume/end-diastolic volume. 

Regional wall motion was evaluated independently 
and in a blinded fashion by 2 independent observers. 
The individual walls read by each observer were the 
high anterior, low anterior, apical, inferior, posterior, 
posterolateral and the septum. Wall motion was graded 
on a 7-point scale ranging from normal to severe dys- 
kinesia in a manner that is clinically used in cardiac 
nuclear interpretation at our institution. The results 
from each observer were compared and with review a 
consensus for each wall score was achieved. The grading 
scores for each wall were then compared with those 
from left ventriculography and radionuclide angiogra- 
phy, with concordance being defined as the compared 
scores not varying by >1 point. 

Each observer also reviewed the individual studies in 
the cine display mode to identify the region of myocar- 
dial infarction. An area of myocardial infarction was 
defined as a localized area of decreased signal originat- 
ing within a myocardial wall with an associated regional 
wall motion abnormality (hypokinesia, akinesia, dyski- 
nesia). The extent to which the affected wall was associ- 
ated with decreased magnetic resonance signal was 
graded as absent, mild, moderate or severe. The observ- 
ers also made determinations as to the extent of associ- 
ated wall thinning and overall image quality. 

Cardiac catheterization: All patients had biplane 
left ventriculography obtained at a mean of 7.4 + 1.6 
days (range 5 to 13) after the onset of AMI symptoms. 
The cine MRI and left ventriculography were obtained 
within 5 days of each other, with the mean time be- 





tween studies being 1.6 + 1.4 days. Global left ventricu- 
lar ejection fractions were calculated with available 
computer software. Regional wall motion interpretation 
was done by clinical cardiologists at our institution in a 
conference setting. 

Cardiac multigated nuclear scintigraphy: Each pa- 
tient underwent a rest and exercise technetium-99m py- 
rophosphate multigated scintigraphy study within 5 
days of left ventriculography (mean time difference of 
0.8 + 0.8). Only the rest study was used for wall motion 
interpretation and global ejection fraction comparison. 
Ejection fraction was determined by available computer 
software. Regional wall motion interpretation was de- 
termined by nuclear radiologists and cardiologists at our 
institution in a clinical conference format. 

Statistical analysis: Global ejection fractions deter- 
mined by cine MRI, left ventriculography and radionu- 
clide angiography were compared with linear regression 
analysis. The coefficient of correlation (r) and the stan- 
dard error of estimate for each comparison was calcu- 
lated. Regional wall motion concordance rates for both 
cine MRI and radionuclide angiography were compared 
for each wall segment using the paired Student f test. 


RESULTS 

Patient population: Our objective was to study con- 
secutive patients who presented or were emergently 
transferred to our institution with AMI. However, only 
those patients who were able to complete the protocol 
were included in our final analysis. Patients who neces- 
sitated coronary artery bypass grafting, repeat percuta- 
neous transluminal coronary angioplasty or those who 
were judged too clinically unstable were excluded from 
the study. In all, 25 consenting patients participated in 





the study and successfully underwent evaluation by cine 
MRI, left ventriculography and radionuclide angiogra- 
phy before hospital discharge. Fifteen healthy, young 
volunteers also underwent cine MRI for comparison. 
The clinical, laboratory and imaging characteristics for 
our patient group are listed in Table I. All but 2 pa- 
tients were documented as having achieved acute coro- 
nary reperfusion by either mechanical or pharmacolog- 
ic means. The mean time from onset of pain to the re- 
establishment of coronary flow was 259 + 129 min 
(range 90 to 644). All patients clinically tolerated the 
imaging procedure without the presence of any unto- 
ward clinical events or documented new arrhythmias. 

Detection and localization of infarction: All patients 
with technically adequate studies had the area of myo- 
cardial infarction readily identified. Unlike previous 
studies that used either the combination of electrocar- 
diogram criteria and infarct-avid technetium pyrophos- 
phate imaging!’ or electrocardiogram criteria alone!’ in 
an attempt to localize the zone of infarction, the infarct- 
related coronary artery was able to be determined at the 
time of presentation in this study. This, in combination 
with electrocardiogram criteria, led to accurate identifi- 
cation of the infarct location. 

A zone of myocardial infarction was defined as a 
localized area of decreased magnetic resonance signal 
within the myocardial wall, which was associated func- 
tionally with a wall motion abnormality (Figure 1). Of 
the 25 study patients, 20 were interpreted as having a 
region of localized decreased signal detected within the 
myocardium. Four patients had no evidence of this find- 
ing and one was excluded because of extremely poor 
image quality. When present, the decreased signal tend- 
ed to involve the subendocardial region preferentially 


FIGURE 1. Cine magnetic resonance im- 
aging (MRI) of a 31-year-old man with an 
anterior wall infarction. Eight of 16 im- 
ages obtained throughout the cardiac cy- 
cle at 1 anatomic level are shown. Frame 
1 represents late diastole, frames 4 and 5 
were obtained during systole and frames 6 
and 7 correspond to early diastole. The 
area of acute myocardial infarction (ar- 
row) is shown as decreased signal relative 
to normal myocardium. Note persistent 
wall thinning in apex. When played in a 
cine loop, dyskinesia in this region was 
also evident. 
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AMI = acute myocárdial infarction; AX = axial; CK = creatine kinase; CKMB = creatine kinase muscle brain; CR = coronal; Excel = excellent; F = female; LAD = left anterior de- 
scending; LCA = left circumflex artery; M = male; MRI = magnetic resonance imaging; OB = oblique; SG = sagittal; V poor = very poor. 





FIGURE 2. Six frames from cine magnetic 
resonance imaging in a 61-year-old man 
with an anterior wall myocardial infarc- 
tion. Heterogenous areas of decreased sig- 
nal are seen in anterior wall predominantly 
in subendocardial region. 
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and to be relatively heterogenous in its appearance (Fig- 
ure 2). Within each patient’s most functionally abnor- 
mal wall, the extent of decreased signal was rated as 
severe in 6 patients, moderate in 6 patients and mild in 
8 of the patients. The extent to which the decreased 
MR signal was present could not be correlated with re- 








perfusion time, total creatine kinase enzyme levels or 
regional wall location. In all 20 patients, the presence of 
this decreased magnetic resonance signal in a regional 
wall with abnormal contractile function readily identi- 
fied the AMI location as determined by electrocardio- 
gram and coronary angiography. This was a consistent 


FIGURE 3. Sagittal cine magnetic reso- 
nance imaging in a 41-year-old male 
with an acute myocardial infarction in 
the inferior and posterior walls. Areas 
of decreased signal thought to repre- 
sent hemorrhage are seen in subendo- 
cardium (arrow). 


FIGURE 4. Cine magnetic resonance 
imaging in a 33-year-old man with a 
posterior wall infarct. Infarction (ar- 
row) is well delineated on this short- 
axis view. 
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finding and was not dependent on either the location of 
the AMI or the imaging plane (Figures 3 and 4). 

Observers also evaluated the overall quality of the 
cine magnetic resonance images for each patient and 
graded the amount of wall thinning that was present 
within the infarct zone. The image quality was inter- 
preted as excellent in 12 patients, good in 10 and poor 
in 2. One patient had extremely poor quality and was 
excluded from regional wall motion analysis and wall 
thickness assessment. 

Significant wall thinning, defined as a >50% de- 
crease in wall thickness, was present within the infarct 
region in 16 of 24 patients (Figure 5). 

Comparison of global ejection fractions: Left ven- 
tricular ejection fractions were independently deter- 
mined for each patient by cine MRI, radionuclide angi- 
ography and left ventriculography. The correlation be- 
tween left ventriculography and cine MRI yielded the 
following values: r = 0.94; standard error of the esti- 
mate = 3.6 (Figure 6). The correlations between the 
ejection fractions for cine MRI and radionuclide angi- 
ography (r = 0.82, standard error of the estimate = 
6.5) and for left ventriculography and radionuclide an- 
giography (r = 0.82, standard error of the estimate = 
5.8) were also obtained (Figure 7). 

Comparison of regional wall motion abnormalities: 
The cine MRI and radionuclide angiography regional 
wall motion grading scores for each patient were com- 
pared with scores determined from evaluation of left 
ventriculography (Figure 8). In comparison with cardi- 
ac catheterization, cine MRI showed the lowest concor- 
dance rate in the low anterior wall in distinction from 
the radionuclide angiography technique, where the low- 
est rate of concordance was in the septum. However, the 
number of concordant segments was not significantly 
different when cine MRI and radionuclide angiography 
were directly compared in their ability to emulate the 
regional wall motion readings of cardiac catheteriza- 
tion. Of the 175 individual wall segments compared, the 
total number of segments judged as concordant with left 
ventriculography was 121 for cine MRI (69%) as com- 
pared with 113 for radionuclide angiography (65%). 

Evaluation of normal volunteers: Each of the 15 
studies was carefully evaluated for the presence of de- 
creased myocardial signal, wall motion abnormality and 
myocardial thinning. Although no study exhibited re- 
gional abnormalities in wall motion, 2 exhibited signifi- 
cantly regionally thinned walls and 3 had localized 
areas of decreased myocardial MR signal. 


DISCUSSION 

Reports have recently been appearing in the litera- 
ture that have challenged the claim that cardiac spin- 
echo MRI can detect and localize AMI with a high 
degree of sensitivity.!9.!8-2° Most concerning is a pub- 
lished report by Filipchuk et al.!° They identified in- 
creased myocardial signal, segmental wall thinning and 
increased intracavitary signal as the 3 most characteris- 
tic findings associated with AMI on spin-echo images. 
However, in careful review of normal volunteers, they 
noted that these findings had poor specificity, with val- 
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ues for the first 2 being 6 and 17%, respectively. 

With these findings, it becomes evident that the abil- 
ity to evaluate wall motion concurrently with tissue 
characterization becomes extremely important for the 
accurate detection of AMI. Although this has been at- 
tempted with a multiphase, spin-echo technique,?!:22 the 
higher temporal resolution and shorter acquisition time 
give cine MRI a clear advantage. In this study of 24 
patients with adequate image quality, cine MRI was 
able to identify precisely the AMI location as specified 
by electrocardiogram criteria and cardiac catheteriza- 
tion. Cine MRI also accurately evaluated both regional 
and global myocardial function in these patients. In its 
attempt to identify segmental wall motion abnormali- 
ties, it fared very much like radionuclide angiography in 
its ability to emulate the wall motion readings from left 
ventriculography. It excelled above the radionuclide an- 
giography technique when it came to global ejection 
fraction comparison with left ventriculography, posting 
a correlation coefficient of 0.94 in contrast to 0.82 for 
the radionuclide technique. 

One of the most interesting cine MRI findings in our 
study relates to the presence of an absolute decrease in 
signal intensity within the area of myocardial infarction. 
Although this finding has been reported preliminarily 
by the investigators? and incidentally by others,?4 its 
prevalence in this study was much greater than expect- 
ed. A well delineated, marked signal decrease was pres- 
ent in the infarcted myocardial zone in 20 of 24 patients 
with adequate studies. In 12 of 24 patients, it was 
judged as either moderately or severely affecting the 
magnetic resonance signal from the infarcted region. 

The exact pathophysiology and etiology related to 
this signal decrease are unknown, but they are presum- 
ably due to hemorrhage within the infarcted zone. 
Through the work of Gomori,”> it is known that the 
hemoglobin within an acute hemorrhage undergoes a 
predictable degradation sequence which yields metabol- 
ic products that are paramagnetic, principally, deoxy- 
hemoglobin, methemoglobin, ferritin and hemosiderin. 





FIGURE 5. Single frame from transaxial cine magnetic reso- 
nance image of an apical wall infarction in a 61-year-old man. 
Wall thinning is >50% in this patient. Note patchy areas of 
decreased signal presumed to represent hemorrhage. 
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Such products can alter the local magnetic field, result- 
ing in local degradation of the magnetic resonance sig- 
nal. This is especially true of gradient echocardiograph- 
ic techniques, such as cine MRI, which are more sensi- 
tive to these effects than standard spin-echo imaging. 
Before the advent of thrombolytic therapy, hemor- 
rhage within a necrotic region of an AMI was a rare 
occurrence in humans, explaining why this finding has 
not been generally noted in the past.” Recent animal 
studies in both the swine and canine have shown that 
reperfusion of an occluded coronary artery, as early as 1 


EJECTION FRACTION - MRI VS CATH 


MRI = - 0.79781 + 1.0269*CATH R=0.94 





EJECTION FRACTION - MRI VS MUGA 


MRI = 7.4291 + 0.81945*MUGA R=0.82 





and as late as 4 hours, is associated with a high inci- 
dence of myocardial hemorrhage that is significantly 
different from nonreperfused control subjects.?”?8 Care- 
ful histologic examination of the infarcted tissue in a 
reperfused AMI shows that the hemorrhagic area is 
confined to the necrotic zone without extension into sur- 
rounding viable tissue.2? This may allow detection of 
myocardial tissue hemorrhage to become a sensitive 
marker of infarcted tissue. Unfortunately, the high rate 
at which early coronary reperfusion is achieved, either 
through the use of thrombolysis or immediate percuta- 


FIGURE 6. Ejection fraction. Magnetic 
resonance imaging (MRI) versus cardiac 
catheterization (CATH). R = correlation 
coefficient. 


FIGURE 7. Ejection fraction. Magnetic 
resonance imaging (MRI) versus radio- 
nuclide angiography. R = correlation 
coefficient. 
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neous transluminal coronary angioplasty, prohibited us 
from comparing magnetic resonance signal differences 
in reperfused versus nonreperfused infarctions in our 
AMI patients. 

The decreased signal associated with hemorrhage 
must be distinguished from magnetic susceptibility ef- 
fects. These were often noted in the posterolateral wall 
of both patients and the normal control subjects. This 
susceptibility effect is caused by distortion of the mag- 
netic field at the air-myocardial interface. This artifact 
is readily separated from a hemorrhage myocardial in- 
farction by its variability through the cardiac cycle 
(Figure 9). 


There are several limitations of the cine MRI tech- 
nique. As with all MRI, cardiac pacemakers, intracra- 
nial ferromagnetic aneurysm clips, metal in the eye, 
electronic stimulators and other hardware may preclude 
a study. More importantly, patients with significant car- 
diac arrhythmias may preclude any data acquisition or 
significantly degrade images to preclude accurate evalu- 
ation. Finally, clinically unstable patients were excluded 
from this study due to the relative isolation and length 
of the examination. However, shorter acquisition times 
and more sophisticated monitoring capabilities may 
lessen this limitation. 

Cine MRI is a recently introduced technique that 


REGIONAL WALL MOTION VS CATH 


FIGURE 8. Regional wall motion as deter- 


concordant segments of either MRI or 
radionuclide angiography when compared 
to cardiac catheterization. 


NO. OF CONCORDANT SEGMENTS 


FIGURE 9. Eight frames from a cine mag- 
netic resonance imaging in a normal vol- 
unteer. Area of decreased signal seen in 


posterior lateral wall is due to susceptibili- 
ty from air-myocardial interface. In con- 
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provides accurate detection and functional assessment 
of recent myocardial infarction. The regional location of 
the infarction could be precisely identified. We conclude 
that myocardial infarction is present when decreased 
signal is associated with a wall motion abnormality on 
cine MRI. However, as all but 2 of our patients had 
their infarcts acutely reperfused, the validity of these 
findings must be compared in a group of patients with 
nonreperfused myocardial infarctions. Our findings also 
imply that with further investigation, cine MRI may 
prove effective in being able to evaluate pharmacologic 
and mechanical interventions aimed at preserving myo- 
cardium in acutely ischemic hearts. 
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Prognosis of Late Versus Early Ventricular 
Fibrillation in Acute Myocardial Infarction 


Gunnar V.H. Jensen, MD, Christian Torp-Pedersen, MD, Lars Køber, MD, 
Frank Steensgaard-Hansen, MD, Yvonne H. Rasmussen, MD, Jens Berning, MD, 
Knud Skagen, MD, and Asger Pedersen, MD 





To determine the prognosis of late ventricular 
fibrillation (VF) after acute myocardial 
infarction (AMI), the length of the monitoring 
period after AMI was extended. All patients in 
this series were continuously monitored in a coro- 
nary care unit to ensure observation of all VF with- 
in 18 days of AMI. From 1977 to 1985, 4,269 pa- 
tients were admitted with AMI and 413 (9.6%) had 
in-hospital VF. Of these 281 (6.8%) had early VF 
(<48 hours after AMI) and 132 (3.2%) had late VF 
(248 hours after AMI). in-hospital mortality was 
50 and 54% for early and late VF, respectively (p 
= 0.31). Kaplan-Meier survival analysis showed 
better survival after discharge for patients with 
early versus late VF (p = 0.009) but this difference 
was fully explained by the presence of heart failure. 
Survival analysis showed the same prognosis after 
1, 3 and 5 years for early and late VF, when VF 
was not associated with heart failure. When VF 
was associated with heart failure (secondary VF) 
early VF had a greater mortality than late VF after 
2 and 5 years. Logistic regression analysis showed 
that heart failure (relative risk 1.9 [1.1 to 3.1]) and 
cardiogenic shock (relative risk 3.9 [1.8 to 8.5)) 
were significant risk factors for in-hospital death. 
Late VF compared to early VF had no prognostic 
implication (relative risk 1.0 [0.6 to 1.6]). For pa- 
tients discharged from the hospital, risk factors 
were heart failure (1.8 [1.1 to 2.8]) and previous 
AMI (1.6 [1.3 to 2.1]). Late VF showed a trend 
(1.2 [0.8 to 1.8]) toward poorer long-term progno- 
sis than early VF. There is no special risk for 
patients with late VF compared to patients with 
early VF after AMI when they are monitored as de- 
scribed. 

(Am J Cardiol 1990;66:10-15) 
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entricular fibrillation occurs in 10 to 15% of 
i / patients hospitalized for acute myocardial infarc- 
tion (AMI). The short- and long-term prognostic 
importance of VF is, however, unclear. VF after AMI is 
divided into primary and secondary VF based on the 
absence or presence of signs of heart failure. VF is also 
divided into early and late VF based on whether it oc- 
curs earlier or later than 48 hours after AMI. Early 
primary VF has been assumed not to influence short- 
and long-term mortality.! Results from recent large in- 
vestigations including the GISSI trial, -4 however, indi- 
cate that early primary VF is associated with signifi- 
cantly increased mortality compared to patients without 
VF. Secondary VF, whether late or early, is a serious 
prognostic sign with an in-hospital mortality reported to 
be as high as 50 to 60%.56 In some investigations late 
VF was shown to be associated with very high mortali- 
ty’® and doubt has been cast on the relevance of pro- 
longed monitoring because of the assumed small bene- 
fit.8.° In 1 study,!° however, late VF was associated with 
a 41% 5-year survival rate. 

In none of the previous studies of late VF has the 
group of patients studied been well defined. The dura- 
tion of continuous electrocardiographic monitoring was 
determined by individual clinicians and influenced by 
numerous factors. At our institution all patients are 
monitored continuously to ensure that all occurrences of 
VF within 18 days of AMI are recorded. To analyze the 
importance of late VF during AMI, we studied a large 
number of consecutive patients with VF at various times 
after AMI. 


METHODS 

Patients: Patients were consecutive AMI cases with 
their first VF after AMI. The coronary care unit at 
Glostrup County Hospital receives all cardiac emergen- 
cies from a well-defined geographical area in the city of 
Copenhagen consisting of approximately 300,000 peo- 
ple. An efficient ambulance service ensures immediate 
admittance of all patients in whom AMI is suspected. 
There is no tradition for home treatment of AMI in 
Denmark, there was no age restriction for admittance to 
the coronary care unit and no patients were admitted to 
other hospitals. 

From January 1, 1977, to December 31, 1985, 
11,977 patients were admitted to the coronary care unit. 
Of these, 4,269 (36%) had an AMI and 422 of these 
had their first known episode of in-hospital VF in con- 
nection with it. Patients readmitted during this period 
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with a new infarction and VF are not included in this 
investigation since this event is part of their prognosis. 
In 5 patients the day of AMI could not be determined, 
and 4 patients had a clinical diagnosis of cardiomyopa- 
thy; these 9 patients were excluded from the analysis. 
Results are based on 413 patients. 

AMI was defined according to the World Health 
Organization criteria as 2 of the following: (1) typical 
chest pain or pressure, (2) electrocardiographic changes 
compatible with infarction and (3) aspartate amino- 
transferase or creatine kinase elevation. Patients in 
whom AMI was diagnosed at necropsy were also in- 
cluded, but only if death occurred after admission to the 
coronary care unit. 

Electrocardiographic monitoring: Long-term contin- 
uous electrocardiographic monitoring was standard poli- 
cy in our coronary care unit. A period of 18 days was 
selected for practical reasons. Thus, the mean hospital- 
ization time was 14.1 days for all patients with AMI 
including in-hospital deaths in the period from January 
1, 1977, to December 31, 1981. Beginning in 1982 a 
prognostic index, developed in this department, was 
used to assess the further necessary length of monitor- 
ing after the first 5 days in the coronary care unit.'! In 
short, the index is based on a Cox model that updates 
prognosis according to age and earlier myocardial in- 
farctions and the occurrence of heart failure (lung steth- 
oscopy and chest x-ray), VF, asystolia, cardiogenic 
shock, supraventricular tachycardia, premature ventric- 
ular beats, nodal rhythm, atrioventricular blockade and 
extension of AMI during the first 5 days of hospitaliza- 
tion. The index describes the risk of death, cardiogenic 
shock and cardiac arrest within 44 days after admission. 
The validity and efficacy of this index are described 
elsewhere.!!:!2 In a prospective investigation the index 
was demonstrated to select all patients with risk of VF 
(or sudden death) within 18 days of AMI for long-term 
monitoring. No patients in this series were discharged 
if the risk of cardiogenic shock, cardiac arrest or death 
exceeded 1%. Using this index resulted in a mean hospi- 
talization time of 11.3 days for all AMI patients, in- 
cluding in-hospital deaths. The reduction of mean hos- 
pitalization length compared to routine use of 18 days 
was 20%. Since patients with uncomplicated AMI 
(47%) were discharged early (days 6 to 8), the mean 
hospital stay for the rest of the patients exceeded 18 
days ensuring that all cases of VF within 18 days after 
AMI were recorded. 

All arrhythmias were prospectively registered on 
magnetic tape by trained nurses for further analysis. 
Electrolytes were measured in all patients daily for the 
first days of admission. Later electrolytes were only 
measured when clinically indicated (i.e., diuretic treat- 
ment). Serum digoxin was measured in all patients re- 
ceiving this therapy. 

VF was defined as absence of QRS complexes and 
T waves and presence of symmetric low-amplitude 
baseline undulations with variation in both amplitude 
and periodicity lasting >10 seconds. VF was treated 
promptly (within 1 minute) with direct current conver- 
sion (320 watts/second) and a 100-mg lidocaine bo- 


lus followed by an infusion of 180 mg/hr for 24 hours. 
The infusion was stopped if ventricular ectopic ac- 
tivity ceased. Further antiarrhythmic treatment was 
given only if recurrent ventricular arrhythmias oc- 
curred (VF, ventricular tachycardia or ventricular ec- 
topic beats [Lown class III or IV]). Mexiletine was the 
first choice and if clinically unsuccessful other anti- 
arrhythmics were tried (quinidine, 6 blockers, amioda- 
rone). Efficacy was tested by continuous electrocardio- 
graphic monitoring during the entire hospitalization pe- 
riod and by exercise testing. 

Heart failure was considered present when basal bi- 
lateral rales were present on lung stethoscopy or when 
chest x-rays showed pulmonary congestion or pulmo- 
nary edema requiring diuretic treatment. Cardiogenic 
shock, defined as blood pressure <80 mm Hg for at 
least 30 minutes accompanied by clinical signs of shock, 
oliguria and absence of other explanations for shock, 
was included as a sign of heart failure. The presence of 
heart failure was usually determined at the time of first 
VF. 

Long-term survival was determined by using the 
Danish Central Person Register, which immediately 
registers all deaths in Denmark. One patient, a foreign- 
er, could not be traced and was considered censored at 
discharge. The search was performed in August 1987 
ensuring at least 1.8 years of follow-up and >5 years of 
follow-up for most patients. 

Statistical analysis: Median and range were used to 
describe continuous variables. Chi-square tests were 
used for contingency tables. For use in regression mod- 
els logarithmic transformation of age and maximal val- 
ue of creatine kinase-MB were used. The distribution 
was more symmetric and also these transformed vari- 
ables fitted better in proportional hazard models. Influ- 
ence of possible risk factors for in-hospital mortality 
was estimated by stepwise linear logistic regression us- 
ing the BMDP-LR program and the log-likelihood 
method.'? For long-term survival proportional hazard 
models were used using the BMDP-2L program. Bi- 
variate variables were assigned the value of zero when 
the factor was not present and the value of 1 when 
present. The assumption of proportional hazard was 
checked graphically'* and found reasonable with all 
variables used except diabetes. In this case analysis indi- 
cated (based on only 13 cases) a grossly increasing haz- 
ard with time. Therefore the importance of diabetes was 
estimated by the log-rank test and diabetes was other- 
wise entered in the proportional hazard model in strata. 
Kaplan-Meier estimators of the survivor function were 
calculated at various times including 95% confidence 
limits. Relative risks (odds ratio) and their confidence 
limits were calculated from logistic regression and Cox 
models. 


RESULTS 

The cumulated distribution of VF on each day after 
AMI is shown in Figure 1. Sixty-two percent of first VF 
occurs on the first day and 80% within the first week. 
Recurrent VF, which in this context is VF on a separate 
day, was much rarer. According to the first case of VF 
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TABLE I Characteristics of 413 Patients with Acute Myocardial Infarction and Ventricular Fibrillation 


All Pts 
(n=413) 


63 (range 32 to 87) 
118 (29) 
180 (44) 
140 (34) 
184 (45) 
195 (47) 


Median age (yrs) 
Female (%) 
Previous CAD* (%) 
Previous AMI (%) 


Anterior AMI (%) 

Heart failure (%) 

Pulmonary edema (%) 
Cardiogenic shock (%) 

Systemic hypertension (%) 
Diabetes mellitus (%) 

Valvular disease (%) 

Thyroid disease (%) 

Serum-K (mmol/liter) median 
Serum-K (mmol/liter) (25-75%) 


Early VF is defined as VF within 48 hours of AMI, late as >48 hours after AMI. 
*Previous CAD is previous known angina pectoris or AMI. 


Early VF 
(n = 281) 


Late VF 
(n = 132) 


AMI = acute myocardial infarction; CAD = coronary artery disease; VF = ventricular fibrillation. 


of each patient 281 (68%) were early VF and 132 
(32%) were late VF. Only 22 patients (5%) had early 
VF followed by late VF. Therefore, classification of pa- 
tients as having either early or late VF was by the first 
occurrence of VF only. The distribution of patients with 
early and late VF and the in-hospital mortality showed 
no difference in the 2 periods 1977 to 1981 and 1982 to 
1985: late VF from 1977 to 1981/1982 to 1985: 76 
(33%)/59 (32%) (p = 0.89). In-hospital mortality from 
1977 to 1981/1982 to 1985: 119 (50%)/92 (50%) (p = 
1.00). 

Characteristics of patients experiencing early ver- 
sus late VF were similar with few exceptions (Table 
I). Clinical signs of heart failure were more frequent 
among patients with late VF (p <0.001). (The presence 
of pulmonary edema and cardiogenic shock is also in- 
cluded in heart failure.) This finding is expected 
from previous investigations of the occurrence of 
complications to AMI with time.!! Anterior AMI 
was more common among the patients with late VF (p 
<0.05). Hypokalemia (or hyperkalemia) was not com- 
mon. Median serum potassium was significantly lower 
(p <0.001) among patients with early versus late VF. 
Seven patients had valvular disease diagnosed by echo- 
cardiography: 5 had stenotic aortic valves (in 3 com- 


Cumulated 


percent 
100 
80 
FIGURE 1. Cumulative frequencies of oc- 69 
currence of ventricular fibrillation (VF) in 
the course of acute myocardial infarction 40 
(AMI). 
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bined with aortic regurgitation, and in 1 combined with 
a stenotic mitral valve), 2 had mitral valve regurgita- 
tion. All were nonrheumatic lesions. 

in-hospital prognosis: Table II lists mortality at first 
VF and hospital mortality of patients with early and 
late VF. The prognosis during the hospital stay is simi- 
lar, and also when patients are divided in late and very 
late VF (VF >7 days after AMI) (p = 0.31). The inde- 
pendent influence of various risk factors for hospital 
survival was examined by linear logistic regression. The 
results are listed in Table III. Late versus early VF had 
no independent significant influence (p = 0.93), with a 
relative risk of 1.0 (95% confidence limits 0.6 to 1.7). 
Signs of decreased left ventricular function, as expected, 
influenced hospital mortality. The presence of heart 
failure was associated with a relative risk of hospital 
death of 1.9 (95% confidence limits 1.1 to 3.1). Al- 
though patients in shock are already classified as having 
heart failure, the presence of shock was associated with 
a relative risk of 3.9 (1.8 to 8.5). Figure 2 shows a plot 
of hospital mortality versus first day of VF after AMI. 
There is no indication of a high- or low-risk period. To 
test the day of first VF independently from other fac- 
tors, linear logistic regression was again used. If VF was 
split into early, late and very late at 48 hours and 7 days 


—— First day with VF 
——— 2.day with VF 


10 
Days after AMI 


YJ 


y 


TABLE II Hospital Survival After Acute Myocardial Infarction 


Complicated by Early, Late and Very Late Ventricular 
Fibrillation 


Late VF 
Early VF (from 2 to Very late VF 
(Oto2days) 7 days) (>7 days) 
(n = 281) (n = 52) (n = 80) 
Died at first VF (%) 38 (14) 8 (15) 14(18) 
Died in hospital (%) 101 (36) 17 (33) 33 (41) 
Discharged alive (%) 142 (50) 27 (52) 33 (41) 


VF = ventricular fibrillation. 


(as in Table II) the p value for an independent effect of 
late VF was 0.78 and that of very late VF 0.27. If day 
of first VF was used in the model as a continuous vari- 
able, the p value was 0.23. 

We have not performed detailed analysis of causes 
of death. Most dying patients experienced signs of ar- 
rhythmias as well as signs of heart failure in the termi- 
nal phase. Among patients who were dying from heart 
failure, arrhythmias were often not treated vigorously. 
Thus, classification of cause of death by the terminal 
event would not be very valuable. 

Long-term prognosis: Long-term survival of pa- 
tients with early and late VF discharged alive is shown 
in Figure 3. Patients with late VF are more at risk for 
premature death than those with early VF (p = 0.009, 
log rank test). One-year survival of patients with early 
VF was 81% (95% confidence limits 74 to 87%); for 
those with late VF it was 73% (62 to 85%). Two-year 
survival of patients with early VF was 77% (70 to 84%), 
for those with late VF 67% (55 to 79%). After 3 years, 
the figures are 70% (62 to 77%) for early VF and 58% 
(45 to 70%) for late VF. In Figure 4 survival curves of 
early and late VF have been split according to whether 
VF was primary or secondary. The apparent increased 
risk of premature death after late VF can be fully ex- 


Hospital mortality 
percent 


100 


1Oupe AD Pa 


6 8 
Days of first VF — days after AMI 





TABLE Ill Risk Factors for In-Hospital Mortality in Acute 
Myocardial Infarction Complicated by Ventricular Fibrillation: 
Results of Linear Logistic Regression Analysis 


Risk factor p Value Relative Risk 


Natural logarithm (age) 
Natural logarithm (max CK-MB) 
Late VF 

Heart failure 

Pulmonary edema 
Cardiogenic shock 

No. of previous infarctions 
Location of AMI 

Previous CAD 

Recurrent VF 
Hypertension 

Diabetes mellitus 


1.0 (0.6-1.6) 
1.9(1.1-3.1) 
1.0 (0.4-2.1) 
3.9 (1.8-8.5) 


1.3 (0.8-2.0) 
1.6 (0.8-2.9) 
1.0 (0.7-1.4) 
1.4 (0.6-3.1) 


Numbers in parentheses are 95% confidence limits. CK-MB = creatine kinase-MB 
isoenzyme; other abbreviations as in Table |. 





plained by the presence of heart failure. Survival curves 
for early primary VF and late primary VF are identical. 
Apparently, late secondary VF has a better prognosis 
than early secondary VF. This observation probably 
stems from the fact that patients were classified as hav- 
ing primary and secondary VF at the time of VF. Thus, 
patients with early secondary VF more often develop 
signs of heart failure early and heart failure among ear- 
ly VF patients is then on average more severe than 
among late VF patients. Estimated infarction size by 
maximal creatine kinase elevation, however, showed no 
difference in the 2 groups. 

To analyze the independent contribution of a num- 
ber of risk factors, a proportional hazard model was 
used. Late VF was without significant importance (p = 
0.29); relative risk was 1.2 (95% confidence limits 0.8 to 
1.8). Arrhythmias might be important for long-term 
survival. The p value for recurrent VF is 0.04, but is not 
significant after Bonferroni correction. The prognostic 


FIGURE 2. For patients with acute myo- 


the number of days after AMI first VF 
was observed. There is no correlation and 


no low- or high-risk periods. 


16 18 >18 
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value of signs of heart failure has to some extent been 
exhausted because the analysis is restricted to those sur- 
viving hospital stay (p = 0.0018) and the relative risk is 
1.8 (95% confidence limits 1.1 to 2.8). This it not unex- 
pected. Patients with the most severe heart failure will 
be expected to die in the hospital. 


DISCUSSION 

The present investigation clearly demonstrates that 
among patients with AMI complicated by VF prognosis 
is determined by the presence or absence of signs of 
heart failure. Late and early VF has the same prognosis 
when not associated with heart failure. Clinical signs of 
heart failure were more common among patients with 
late VF. The tradition of dividing VF into early and late 
(occurring < or >48 hours of AMI) probably stems 
from early traditions of monitoring patients with AMI.° 
The choice of 48 hours might not be optimal, but de- 
tailed analysis of occurrence of VF with time after AMI 
did not demonstrate any high- or low-risk periods. 

The present study is to our knowledge the only one 
in which the importance of late VF can be estimated 
without selection bias introduced by early discharge or 
early termination of monitoring. Use of validated strict 
procedures for discharge is rarely used elsewhere. 

Goldberg et al? demonstrated a better prognosis for 
patients with cardiac arrest <2 days after admission 
than for patients with later arrest. Because not all pa- 
tients were monitored and time was classified according 
to admission, their results are not comparable to ours. 
Wilson and Adgey!® reviewed 185 patients with late 
VF, of whom 105 survived hospitalization. Forty-one 
percent of the patients surviving hospitalization were 
alive after 5 years. In this study, however, it is possible 
that a significant number of high risk patients did not 
receive long-term monitoring. This kind of selection bias 
may also be present in earlier investigations on the im- 
portance of late VF.6-8 Since then coronary care units 
have become more established and the capacity has in- 
creased. We find it likely that earlier studies indicating 
a poor prognosis for late VF are biased by preferable 
selection of high-risk patients with secondary VF for 
long-term monitoring. 

The observed long-term survival of patients could be 
influenced by antiarrhythmic therapy, which was more 
common among patients with late VF. Antiarrhythmic 
therapy did not appear statistically to influence results, 
but if only high-risk patients were selected, a positive 
effect could be concealed for antiarrhythmic therapy. 
We could not find any difference in estimated infarction 
size (creatine kinase elevation), proportion of patients 
with heart failure or survival after AMI between pa- 
tients treated and not treated with antiarrhythmic 
drugs. This was true for both early and late VF. 

We did not compare survival of patients with VF to 
those without it. This is due to the problem associated 
with patients readmitted with a new AMI. Since pa- 
tients can only be included once in a survival study, 
such a comparison would necessarily focus on the first 
AMI, second AMI and so forth. This would reduce the 
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number of patients with VF in the study. Since the pri- 
mary object was to compare early with late VF, this 
comparison was not done. 

The present study is relevant to the policy of long- 
term monitoring in coronary care units. Obviously those 
patients experiencing late VF will benefit from long- 
term monitoring, most clearly when VF is unassociated 
with heart failure. This is in contrast to earlier views.’ 
However, it cannot be directly concluded that long-term 
monitoring is advantageous, because the burden on pa- 
tients selected for long-term monitoring, but experienc- 
ing no complications, must also be taken in account. 
Selected groups of patients should be monitored for up 
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FIGURE 3. Kaplan-Meier survival curves for patients dis- 
charged alive after acute myocardial infarction complicated by 
ventricular fibrillation (VF). 
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FIGURE 4. Kaplan-Meier survival curves for patients dis- 
charged alive after acute myocardial infarction complicated by TN 
ventricular fibrillation (VF). E 
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Influence of Coronary Arterial Thrombus 
Location on Left Ventricular Function 
in Acute Myocardial Infarction 


Florence H. Sheehan, MD, Wolfgang G. Schmidt, MD, and Edward L. Bolson, MS 


In 238 patients with acute myocardial infarction 


studied during intracoronary streptokinase thera- 
py, the circumferential extent of left ventricular 
hypokinesis was measured by 5 methods and cor- 
related with the location of the infarct-related 
coronary artery segment and with 1-year survival. 
Of the 5 methods, 1 focused only on the infarct re- 
gion, and 4 varied in the complexity of the noise fil- 
ter. Hypokinetic segment length measurements by 
all S methods correlated significantly with the loca- 
tion of occlusion along the left anterior descending 
coronary artery. No method yielded measurements 
that correlated with occlusion location along the 
right coronary artery. Measurements by all meth- 
ods correlated significantly with survival, but the 
method that focused on the infarct region per- 
formed least well. Thus, the circumferential extent 
of hypokinesis in patients with acute myocardial in- 
farction is greater for proximal than mid- or distal 
occlusions of the left anterior descending but not 
the right coronary artery. Survival is influenced by 
the function of periinfarct and noninfarct regions 
and by the function of the infarct region. Complex 
noise filters provide no advantage over simpler fil- 
ters in measuring the extent of hypokinesis. 

(Am J Cardiol 1990;66:16-21) 
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fq casurement of the severity of hypokinesis as 
M: parameter of regional left ventricular (LV) 
function has proven most useful in studies of 
thrombolytic therapy, because of its sensitivity to the 
effect of treatment. Also, its independence of the infarct 
location and of coronary anatomy simplifies the analysis 
of clinical trials by allowing subgroups of patients with 
anterior and inferior infarcts, or with >1 coronary ar- 
tery severely narrowed, to be analyzed together. In con- 
trast, measurement of the circumferential extent of an 
infarct as a parameter of regional function is more vari- 
able, and therefore less sensitive, to the effect of treat- 
ment.! One reason is that myocardial infarcts involving 
the left anterior descending coronary artery are more 
extensive, due to larger perfusion territory, than infarcts 
involving the other coronary arteries.2-4+ With the in- 
creasing use of nonsurgical revascularization proce- 
dures, the ability to predict the hemodynamic impact of 
occluding a given coronary artery segment may be use- 
ful. The present study correlates the circumferential ex- 
tent of LV dysfunction with the location of thrombotic 
occlusion of the left anterior descending and right coro- 
nary artery. Methods for measuring the extent of hypo- 
kinesis were also studied and compared. 


METHODS 

Patient population: The study group comprised 238 
patients with acute myocardial infarction (AMI) treat- 
ed with intracoronary streptokinase therapy at the 
Rheinisch Westfaelische Technische Hochschule.>° All 
patients had total occlusion of either the left anterior 
descending or right coronary artery, and an analyzable 
contrast ventriculogram recorded in the 30° right ante- 
rior oblique projection. 

Angiographic analysis: The coronary angiograms 
were assessed visually to identify the infarct-related ar- 
tery segment (Figure 1). The ventriculograms were pro- 
jected and traced at end-diastole and end-systole. The x- 
y coordinates were analyzed in Seattle, Washington. LV 
volume was calculated using the area length method’ 
and wall motion was measured using the centerline 
method’! (Figure 2). 

Several approaches were used to measure the cir- 
cumferential extent of hypokinesis at each of 3 thresh- 
olds: below —1 standard deviation, below —2 standard 
deviation or akinesis and dyskinesis. Method A mea- 
sured the number of contiguous chords with motion be- 
low the threshold lying within a defined artery territory. 
Each territory corresponded to the span of chords likely 
to be affected by a large infarct due to occlusion of the 





respective coronary artery. The territories were restrict- 
ed for patients with multivessel disease, in order to dis- 
tinguish the wall motion abnormality due to the current 
infarct from that due to disease in the other vessels (Ta- 
ble I, Figure 2). To filter occasional noise in the motion 
curves, noncontiguous chords with motion below the 
threshold were included in the —1 standard deviation 
hypokinetic segment if separated by <5 chords, in the 
—?2 standard deviation segment if the gap was <10 
chords, and in the akinetic segment if the gap was <15 
chords (Figure 2). The circumferential extent of hypo- 
kinesis measured by method A has been shown to corre- 
late closely with infarct size estimated from creatine 
kinase release.® 

Method B measured the length of the longest hypo- 
kinetic segment meeting the threshold, regardless of lo- 
cation on the LV contour (Figure 2, Table I). No ad- 
justment was made for multivessel disease. The noise 
filter or allowable gap between noncontiguous segments 
was the same as for method A. Method C1 resembled 
method B but further refined the noise filter to consider 
the function of patients with hypokinetic segments sepa- 
rated by wide gaps. By method C1, noncontiguous seg- 


FIGURE 1. Coronary ar- 


descending artery (6, 7, 
8, respectively). AC = 
atrial circumflex (branch); 


ments could be included in calculating the hypokinetic 
segment length segment if (1) the gap was <5 chords 
(10 chords at the —2 standard deviation threshold, 15 
chords for akinesis), or (2) at least 50% of the chords in 
a wider gap had motion depressed below the percentage 
of mean normal motion that approximates the hypoki- 
nesis threshold (Figure 2). The —1 standard deviation 
threshold was approximated as motion depressed to 
70% of normal, because in the normal reference popula- 
tion, motion 1 standard deviation below normal is mo- 
tion depressed to 68 + 8% of normal (median 69%, 
range 43 to 83). Similarly, the —2 standard deviation 
threshold was approximated as motion depressed to 
40% of normal, because an abnormality of —2 standard 
deviation is motion depressed to 36 + 17% of normal 
(median 39%, range —14 to 65). Akinesis, of course, is 
motion = 0% of normal. Methods C2 and C3 are simi- 
lar to Cl except that the percent normal threshold was 
relaxed by 5 and 10%, respectively (Table I). 
Statistical analysis: The length of the hypokinetic 
segment resulting from the proximal, mid- or distal por- 
tions of the infarct artery, and the influence of single 
versus multivessel disease on these relations, were com- 
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FIGURE 2. Measurement of hypokinetic segment length by the centerline method. A, a centerline is drawn midway between the 
end-diastolic and end-systolic contours. B, motion is measured as the length of each of 100 chords constructed perpendicular to 
and evenly spaced along the centerline. C, to adjust for differences in heart size, the measured motion is normalized by the 
length of the end-diastolic perimeter. The akinetic segment length is the percent of the left ventricular contour with absolute 
motion <0 cm. The patient’s motion is the solid curve. The dotted curves indicate the normal mean + 1 standard deviation. This 
patient has 2 akinetic segments. Method A interrogates only the infarct artery territ , chords 51 to 85 in this patient with 
inferior infarction and multivessel disease, so the akinetic segment length is calculated from the segment spanning chords 79 to 
82. The akinetic segment length is calculated from the longer of the 2, chords 41 to 47, by method B. Since the akinetic 
segments are separated by a gap >15 chords wide, the shorter one is ignored. Methods C1, C2 and C3 will yield the same 
result as method B because half of the chords between the 2 akinetic segments do not fall below 0%, 5% or 10% of normal, 
respectively. D, abnormality in motion is expressed in units of standard deviations from the mean of a normal reference 
population. The —1 standard deviation hypokinetic segment length is calculated as the number of contiguous chords with motion 
more depressed than —1 standard deviation. Since method A interrogates only the territory of the infarct artery, 

the —1 standard deviation hypokinesis segment extends from chords 54 to 85 only. In methods B and C1, the 
noncontiguous hypokinetic segment from chords 21 to 49 is considered part of the —1 standard deviation hypokinetic 

segment spanning chords 54 to 100 because the gap between these 2 segments is narrow (<5 chords). The noncontiguous 
segment from chords 1 to 4 is separated by a wider gap, but half of the intervening chords do not have motion 

depressed <70% of normal, 75% of normal or 80% of normal. Therefore, the noncontiguous chords are not included in 

the hypokinetic segment according to methods C1, C2 or C3, respectively. 
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Search 
Territory 


Subgroup 


LAD alone 
LAD + others 
Right alone 
Right + others 


All 


TABLE Il Coronary Anatomical Characteristics 


No. of Coronary Arteries 
Severely Narrowed 
Artery Occluded and 


Location of Occlusion in Artery Only 1 >l 


Right coronary (%) 
Proximal 30 (28) 35 (27) 
Mid 15(14) 20 (15) 
Distal 4 (4) 6 (5) 
Posterior descending 3 (3) 2(1) 
Left anterior descending (%) 
Proximal 23 (21) 27 (21) 
Mid 33 (30) 36 (28) 
Distal 0 4(3) 


pared using analysis of variance. The prognostic power 
of the parameters of hypokinetic segment length were 
compared using discriminant analysis for 1-year sur- 
vival. 


RESULTS 

Coronary anatomy: Of the 238 patients, 115 (48%) 
had occlusion of the right coronary artery and 112 
(47%) had 1-vessel disease. The incidence of proximal, 
mid- and distal infarct artery occlusion is listed in Table 
Il. 

Relation between hypokinetic segment length and 
location of coronary artery occlusion: The location of 
occlusion along the right coronary artery had no effect 
on the circumferential extent of hypokinesis at either 
the —1 or —2 standard deviation thresholds or on the 
akinetic segment length in all methods (Figures 3 and 
4), and regardless of whether there was 1- or multivessel 
disease. 


Filter 


Non- % Normal 
contiguous Mean 


Method Univariate F p Value 


Akinesis 





SD = standard deviation. 


In contrast, occlusion of the proximal left anterior 
descending coronary artery resulted in significantly 
more extensive hypokinesis than did occlusion of the 
midartery or distal segment (Figures 4 and 5). This was 
true for all methods and parameters of hypokinetic seg- 
ment length. The extent of dysfunction correlated better 
with thrombus location in patients with 1- than mul- 
tivessel disease. Differences in ejection fraction between 
the groups were concordant with the hypokinetic seg- 
ment length measurements, because the ejection frac- 
tion correlated significantly with the length (r >0.66 for 
all). 

Relation between hypokinetic segment length and 
survival: Of the study group, 227 patients (95%) had 1- 
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year follow-up data, and 26 of these died. All of the 
measurements of the circumferential extent of hypoki- 
nesis correlated significantly with survival, although 
there were noteworthy differences in the prognostic 
power of the 5 methods (Table III). When measuring 
the extent of hypokinesis below —1 standard deviation, 
the results obtained using method B were most powerful 
in distinguishing survivors from nonsurvivors, and least 
powerful by method A. At the —2 standard deviation 
threshold, methods B and Cl, C2 and C3 were all 
markedly more powerful prognostically than method A. 
At the akinesis threshold, the 5 methods yielded very 
similar results. 


DISCUSSION 

Occlusion locus—function relation: The functional 
deficits caused by occlusion of the left anterior descend- 
ing and right coronary arteries differ in their dependen- 
cy on the location of the occlusion. A stenosis anywhere 
along the right coronary artery will result in a similar 
pattern of dysfunction along the inferior wall, because 


E PROXIMAL RCA 


RCA 
O POSTERIOR DESCENDING 


FIGURE 3. Circumferential extent of hypokinesis (% LV) by 
threshold (—1 standard deviation, —2 standard deviation and 
akinesis or O cm) and by method in patients with acute occlu- 
sion of the right coronary artery. The hypokinetic segment 
lengths did not vary significantly with location of occlusion. 
Error bars indicate mean + standard error. 


20 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 





the right coronary artery only perfuses the left ventricle 
with its distal end, the posterior descending. In contrast, 
the left anterior descending coronary artery perfuses the 
left ventricle along its entire course, and therefore proxi- 
mal occlusions produced, as expected, more extensive 
dysfunction than did midartery occlusions. Although 
the 4 patients with distal occlusions are perhaps too few 
to allow us to draw generalizations, one reason why 
their hypokinesis was as extensive as in those with mid- 
artery occlusion and multivessel disease may be that the 
artery had to be fairly long for a distal occlusion to 
cause enough pain and electrocardiographic changes to 
meet the entry criteria for thrombolytic therapy. 
Among patients with circumflex thrombosis, entry crite- 
ria for thrombolytic therapy select for those with large 
infarctions.’ 

The results of the present study confirm and extend 
the findings in the Western Washington intracoronary 
streptokinase trial,'° which reported that severe hypo- 
kinesis was more extensive for thromboses of the proxi- 
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FIGURE 4. Circumferential extent of hypokinesis (% LV) by 
threshold, as measured using method B. Patients with mul- 
tivessel disease have significantly longer hypokinetic segments 
than do those with 1-vessel at the —1 standard deviation (p 
<0.005) and —2 standard deviation (p <0.005) thresholds but 
not for akinesis. Statistical analysis was by 2-way analysis of 
variance, by location of occlusion and number of vessels dis- 
eased 


y 
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mal than midleft anterior descending artery. Kumpuris 
et al!! reported significantly depressed shortening veloc- 
ities at 5, 4 and 2 hemichords associated with proximal, 
mid- or distal occlusion of the left anterior descending 
artery, respectively, and at 4 and 3 hemichords, respec- 
tively, for proximal or distal occlusion of the right coro- 
nary artery. This difference in the extent of LV dys- 
function was sufficient to affect the global ejection frac- 
tion in the subgroup with anterior AMI.'! In patients 
with angina rather than AMI, global function was more 
depressed with proximal than distal stenosis of the left 
anterior descending artery after exercise, but not under 
resting conditions. !? 

Ventricular function and survival: The comparison 
of the prognostic power of the various parameters of 
hypokinetic segment length demonstrated that estima- 


— — — — — — — 


<0.01 <0.05 <0.02 <0.01 


<0.005 <0.002 <0.002 <0.01 


<0.02 <0.05 <0.05 <0.01 





longer with proximal occlusions. Comparisons were significant 
by all methods and at all thresholds. Error bars indicate mean 
+ standard error. 


p24, 179 


tion of infarct size alone provides incomplete assessment 
of prognosis. The artery territories were limited in 
method A to provide a close correlation with creatine 
kinase release, and to minimize error due to multivessel 
disease. However, method A yielded shorter hypokinetic 
segment lengths than the other methods, and its lengths 
correlated least well with prognosis. This indicates that 
method A’s restrictions underestimated the extent of 
dysfunction, and suggests that the function of peri- 
infarct and noninfarct regions must also be considered 
when evaluating prognosis. 

The selection of 1 year as the survival endpoint was 
arbitrary. Over the full follow-up of 3 to 7 years, 43 
patients died. Reanalysis correlating hypokinetic seg- 
ment with cumulative survival yielded very similar re- 
sults to 1-year survival. 

Methodologic implications: The circumferential ex- 
tent of hypokinesis depends on (1) the threshold of ab- 
normality that is sought, (2) the identity of the infarct 
artery, (3) the location of the occlusion along the infarct 
artery and (4) the presence of significant stenoses in 
other coronary arteries. The dependence of hypokinetic 
segment length on so many external factors renders it 
more variable, and explains why it is less sensitive in 
detecting a treatment effect than measuring the severity 
of hypokinesis within the infarct region. 

In general, all the methods performed well, with the 
exception of method A. Method B offers the advantage 
of simplicity, making it preferable to methods Cl, C2 
and C3. 
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Recent documentation of a circadian variation in 
acute myocardial infarction (AMI) suggests that 
AMI is not a random event, but may frequently re- 
sult from identifiable triggering activities. The pos- 
sible triggers reported by 849 patients enrolled in 
the Multicenter Investigation of Limitation of 
Infarct Size were analyzed. Possible triggers were 
identified by 48.5% of the population; the most 
common were emotional upset (18.4%) and moder- 
ate physical activity (14.1%). Multiple possible 
triggers were reported by 13% of the population. 
Younger patients, men and those without diabetes 
mellitus were more likely to report a possible trig- 
ger than were older patients, women and those 
with diabetes. The likelihood of reporting a trigger 
was not affected by infarct size. This study sug- 
gests that potentially identifiable triggers may play 
an important role in AMI. Because potential trig- 
gering activities are common in persons with coro- 
nary artery disease, yet infrequently result in AMI, 
further studies are needed to identify (1) the cir- 
cumstances in which a potential trigger may cause 
an event, (2) the specific nature of potential trigger- 
ing activites, (3) the frequency of such activities in 
individuals who do not develop AMI and (4) the 
presence or absence of identifiable triggers in vari- 
ous subgroups of patients with infarction. 

(Am J Cardiol 1990;66:22-27) 
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cardial infarction (AMI) does not occur random- 

ly throughout the day, but shows a prominent 
morning increase in frequency'*—suggests that daily 
activities may play an important role in triggering its 
onset.? Advances in understanding the pathophysiology 
of AMI and the contributory role of plaque fissuring 
and thrombosis provide a further impetus to the study 
of acute onset of this disorder. There are conflicting 
views regarding the frequency with which AMI is trig- 
gered by external events. Some investigators have as- 
serted that the onset is frequently triggered*> while oth- 
ers have maintained that infarct onset is generally ran- 
dom and unrelated to the day’s activities.’ The present 
study determines the frequency with which patients re- 
ported possible triggers of AMI, defines the types of 
possible triggers identified and determines if particular 
subgroups of patients vary in the frequency of reporting 
of possible triggers. 


Te recent epidemiologic finding—that acute myo- 


METHODS 

Study population: The Multicenter Investigation of 
the Limitation of Infarct Size (MILIS), a study con- 
ducted from 1978 to 1983, was designed primarily to 
assess the efficacy of propranolol or hyaluronidase ther- 
apy in reducing infarct size. A list of all participating 
institutions is presented in the Appendix. Patients were 
eligible for enrollment in MILIS if they were <76 years 
of age, had 230 minutes of pain typical of myocardial 
ischemia, had been evaluated <18 hours after the onset 
of chest pain and demonstrated electrocardiographic 
changes suggestive of acute ischemia or evolving infarc- 
tion (new Q waves =30 ms in width and 20.2 mm in 
depth, or ST-segment elevation or depression, or both, 
of 20.1 mm in at least 2 related leads) or left bundle 
branch block or idioventricular rhythm. Exclusion crite- 
ria included cardiogenic shock, pregnancy, advanced or 
terminal illness, cardiomyopathy, acute cerebrovascular 
disease, myocardial infarction or major surgery within 
the previous 2 weeks and physical or psychological in- 
ability to cooperate. The present study is based on the 
985 patients randomized. AMI was confirmed by the 
creatine kinase core laboratory in 849 patients, and ex- 
cluded in 136. 

An extensive admission data form was completed 
during hospitalization by a study coordinator for each 
randomized patient. Patients were asked to indicate 
whether any of the following factors was a possible pre- 
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cipitant of their AMI: emotional upset, moderate physi- 
cal activity, heavy physical activity, lack of sleep, over- 
eating, sexual activity, surgery or anesthesia, “other” or 
unknown. 

During data analysis, 44 patients for whom “other” 
was specified could be reclassified into one of the origi- 
nal groups on the basis of additional handwritten infor- 
mation. For purposes of subgroup analysis, the small 
number of patients reporting triggers of sexual activity, 
surgery or anesthesia was included within the “other” 
category. 

Serial blood sample collections for measurement of 
creatine kinase and creatine kinase-MB isoenzyme were 
initiated before randomization and were continued for 
the length of the hospital stay, as previously described. 
The time of onset of AMI was assessed by analysis of 
plasma creatine kinase-MB activity? as well as onset of 
pain. Although coronary angiography was not a routine 
part of the protocol, it was performed during index hos- 
pitalization in 211 (25%) of the patients with definite 
AMI. The results in this selected subset of patients are 
presented. 

Statistical methods: Chi-square and f tests were 
used to determine the significance of the differences be- 
tween proportions and means, respectively. All p values 
were 2-tailed and a p value of <0.05 was considered 


significant. 


RESULTS 

Overall results: Of the 849 patients with confirmed 
AMI enrolled in the study, 412 (48.5%) reported 21 
possible trigger, while no possible trigger was reported 
by 437 (51.5%) (Figure 1). The activities most com- 


$ 
y 
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FIGURE 1. Possible triggers of acute myo- | X 
cardial infarction. A possible trigger was 
reported by 412 of 849 patients (48.5%); oe 
109 patients (13%) reported 2 or more 
possible triggers. 


monly reported as possible triggers were emotional up- 
set (18.4%), moderate physical activity (14.1%) and 
heavy physical activity (8.7%). 

Fighty-seven patients (10.2%) reported 2 possible 
triggers, and 22 (2.6%) reported 3 or 4. The most fre- 
quent combinations were lack of sleep and emotional 
upset (35; 4%), moderate physical activity and emotion- 
al upset (21; 2.5%), overeating and emotional upset (20; 
2%) and overeating and lack of sleep (13; 1.5%). 

Miscellaneous possible triggers included relation to 
medical procedure (11, 1.2%), temperature extreme (5, 
0.6%), smoking (2, 0.1%), heavy alcohol ingestion (5, 
0.6%) and bathroom use (3, 0.4%). 

Patient subgroups: Patients were classified by the 
following baseline and infarction characteristics (Table 
I). 

AGE: The frequency of reporting a possible trigger de- 
creased with age. Lack of sleep was less likely to be 
reported as a trigger by the elderly. 

GENDER: Men were more likely to report a precipitat- 
ing factor than women; this difference was not ex- 
plained by age difference alone (p <0.02 after age ad- 
justment). Emotional upset was described as the most 
common precipitating factor in both men (17.5%) and 
women (20.7%). Men were more likely to report heavy 
physical activity as a precipitating factor than women 
(11.4 vs 1.7%, p <0.001). 

HISTORY OF DIABETES MELLITUS, ANGINA, SYSTEMIC 
HYPERTENSION OR CIGARETTE SMOKING: Diabetics were 
less likely to report a possible trigger than were non- 
diabetics. No significant influences of angina, hyperten- 
sion or smoking were observed on possible trigger re- 
porting. However, heavy physical activity was more 
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Moderate 
Activity 


Emotional 
Upset 


(%) (%) 


Age (yrs) 
<50 
50 to 59 
60 to 69 
70 to 75 
p value 
Gender 
M 
F 
p value 
Diabetes mellitus 
Present 
Absent 
p value 
Angina during 3 weeks before AMI 
Present 204 
Absent 608 
p value 
Systemic hypertension 
Present 384 
Absent 
p value 
Current cigarette smoker 
Present 
Absent 
p value 
Type of AMI 
Q-wave 
Non-Q-wave 229 
p value 
No. coronary arteries narrowed >70% diameter 
18 22.2 
81 22.2 
52 17.3 
21.7 
p value NS 
Infarct size index (CK-MB) 
<7.140 19.3 
7.141 to 14.670 19.9 
14.671 to 23.700 16.0 
>23.700 18.3 
p value NS 


AMI = acute myocardial infarction; CK = creatine kinase; NS = not significant. 


commonly reported as a precipitant in patients with no 
prior history of angina within the 3 weeks before AMI 
compared to those with a prior history of angina. 

INFARCT CHARACTERISTICS: There was no significant 
difference in the likelihood of reporting a trigger be- 
tween Q-wave versus non-Q-wave AMI, nor were there 
significant differences associated with size of AMI. 

The 211 patients (25%) with confirmed AMI in 
whom coronary arteriography was performed during 
hospital admission were classified according to the num- 
ber of coronary arteries with 270% diameter stenosis. 
No significant differences in frequency of reported pos- 
sible triggers were observed between patients with 1-, 2- 
or 3-vessel significant narrowing. 

PREINFARCTION USE OF BETA-ADRENERGIC BLOCKING 
AGENTS: The likelihood of patients reporting a possible 
trigger was not different between those taking 6-adre- 
nergic blocking agents within the 3 weeks before AMI 
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and those not taking 6 blockers (44 vs 49%, respectively, 
p = 0.24). There was, however, a trend for patients re- 
ceiving 6 blockers to be less likely to report emotional 
upset or physical stress as possible triggers (31 vs 39%, 
p = 0.08). 

Patients in whom infarction was excluded: Patients 
in whom AMI was suspected on the basis of pain and 
electrocardiographic signs of ischemia but not con- 
firmed by creatine kinase were as likely to report a pos- 
sible trigger as were those in whom an AMI was con- 
firmed (47.1 vs 48.5%, respectively). 

Relation between time of onset of infarction and 
likelihood of reporting a possible trigger: In the 703 
patients in whom time of onset of AMI could be estab- 
lished by the creatine kinase-MB method,’ possible trig- 
gers were more likely to be reported if onset of AMI 
was between 6 a.M. and 6 P.M. versus 6 P.M. and 6 A.M. (p 
<0.02) (Figure 2). A similar difference was observed 


= 





for the 847 patients in whom time of onset of AMI was 
based on time of onset of symptoms (p <0.01). No sig- 
nificant difference in likelihood of reporting a trigger 
was observed when onset of AMI was between 6 A.M. 
and noon versus between noon and 6 P.M. 


DISCUSSION 

Our results indicate that almost one-half of patients 
with AMI identified one or more possible triggers of 
onset and that the likelihood of identifying triggers var- 
ied with age, gender, history of diabetes and time of day 
of AMI, but not with the number of coronary arteries 
with significant stenoses or the type and size of AMI. 
Sumiyoshi et al!° have similarly reported that approxi- 
mately 47% of patients identified a possible trigger 
whereas onset of AMI occurred during sleep or at rest 
in 53% of patients. 

In the 1930s, the idea that triggers were frequent 
was widely debated.*-’ While numerous triggers such as 
snow shovelling, acute emotional upset, cocaine and cig- 
arette smoking have been recognized in individual pa- 
tients as probable triggers of AMI,!! the onset of AMI 
in most patients has been considered random and unre- 
lated to daily activity.° Furthermore, the possibility that 
there may be acute transient risk factors for AMI has 
not received the same study as have the chronic risk 
factors for atherosclerosis and AMI. A reexamination 
of the role of acute triggers of AMI is now warranted 
due to advances in understanding the role of plaque 
fissuring and thrombosis in the pathophysiology of 
AMI'2-!5 and to recent studies showing an increased 
morning incidence of AMI.!? These findings challenge 
the view that AMI is unrelated to the day’s activity. In 
the present study, the most commonly reported possible 
triggers were emotional upset and physical activity. 
Both mental stress and physical activity may predispose 
to plaque rupture and coronary artery occlusion by in- 
creasing blood pressure and plasma catecholamines and 
by producing vasoconstriction and enhanced coagulabil- 
ity.? 

Patient subgroups: The frequency with which a pos- 
sible trigger of AMI was identified differed among sub- 
groups in the present study. The reduced reporting of 
possible triggers by older patients and diabetics com- 
pared with younger patients and nondiabetics is consis- 
tent with a hypothesis that patients in whom plaques 
are more vulnerable to fissuring may require a less 
marked external activity to trigger AMI than patients 
in whom plaques are not vulnerable. This hypothesis is 
further supported by Sumiyoshi et al,!° who observed 
that patients with a history of preinfarction angina or 
with 3-vessel narrowing were less likely to have an iden- 
tified trigger than were patients without preinfarction 
angina or with 1- or 2-vessel narrowing. 

It is also possible that the increased incidence of 
AMI in men compared to women aged <60 years is due 
in part to the more frequent exposure of men to po- 
tential triggers. However, interpretation of differences 
among subgroups is limited by the absence of suitable 
control data. For example, the greater frequency with 


which men report heavy physical activity as a trigger 
may be primarily due to their being more likely to per- 
form such activity. 

In the present study, patients in whom AMI was ex- 
cluded reported equal numbers of triggers as those in 
whom it was confirmed. Because the majority of these 
patients with suspected but not confirmed AMI had un- 
stable angina, the similar reporting frequency supports 
the view that unstable angina and AMI have a similar 
mechanism of onset. 

Beta-adrenergic blockade has been shown to have 
a protective effect against AMI,'® but the mechanism is 
uncertain. In the present study, patients taking 8 
blockers before AMI tended to report fewer instances of 
potentially triggering physical activity and emotional 
stress. The effects of 8 blockade on pathophysiologic 
changes acutely induced by potential triggers such as 
physical and mental stress require further study. 

The more frequent reporting of a trigger when the 
onset of AMI was during the day compared with the 
night is due to some degree to time-related differences 
in patient activity. However, circadian variations in 
blood pressure, coronary artery tone, hormonal levels 
and hemostatic factors may also alter the frequency of 
triggering.” 

Trigger identification: In this study the description 
of factors as “possible” triggers reflects the difficulty in 
distinguishing a trigger of AMI from the many activi- 
ties an individual performs each day, particularly since 
there may be contributions from multiple triggers. The 
more precise characterization of triggers, which requires 
further basic and clinical studies, may result in the iden- 
tification of a greater percentage of triggered AMI than 
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6:00pm- 
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TIME OF ONSET OF AMI 
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FIGURE 2. Relation between the time of onset of acute myo- 
cardial infarction (AMI) and the percent of those reporting a 
possible trigger. A greater percentage of patients reported a 
possible trigger for infarcts beginning during the day (6 a.m. to 
6 p.m.) than in the evening (6 P.M. to 6 a.m.) (* p <0.02). 
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the 48.5% in the present study. Characteristics helpful APPENDIX 
in trigger identification include (1) pathophysiologic Multicenter investigation of the Limitation of 
changes caused by the specific activity that might cause Infarct Size Study Personnel 4 
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Partial Resistance to Anticoagulation 
After Streptokinase Treatment 
for Acute Myocardial Infarction 


Doron Zahger, MD, Yoram Maaravi, MD, Yaacov Matzner, MD, Dan Gilon, MD, 
Mervyn S. Gotsman, MD, and A. Teddy Weiss, MD 


This study examines the response of 3 different 


groups of patients to anticoagulants: 50 patients 
previously treated with streptokinase for acute 
myocardial infarction (AMI) (group 1), 24 patients 
with AMI who had received anticoagulants without 
prior thrombolysis (group 2) and 11 subjects who 
received anticoagulants for noncoronary indications 
(group 3). No significant differences were detected 
between groups 2 and 3; therefore, they were com- 
bined for analysis. After streptokinase, patients re- 
quired 37,755 + 1,516 (mean + standard error of 
the mean) U of heparin per day to achieve the de- 
sired activated partial thromboplastin time (APTT). 
The dosage was 30,294 + 1,089 U/day in patients 
without antecedent thrombolysis (p <0.001). Group 
1 patients required 5 + 0.4 days until adequate 
anticoagulation was achieved, compared with 3 + 
0.2 days in the control group (p = 0.01). Despite 
higher heparin requirements, group 1 patients had 
a lower APTT value than the other subjects (87 + 5 
vs 101 + 6 seconds, p = 0.08). Group 1 patients 
required 5 + 0.3 days to reach anticoagulation with 
warfarin versus 4 + 0.2 days in groups 2 + 3 (p = 
0.05). Comparison of groups 1 and 2 yielded simi- 
lar, although smaller, differences. Patients treated 
with streptokinase for AMI seem to be partially re- 
sistant to anticoagulation, which may increase the 
risk of reocclusion. 

(Am J Cardiol 1990;66:28-—30) 
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in acute myocardial infarction (AMI).!2 Al- 

though reperfusion can be achieved in about 75% 
of patients, reocclusion remains a major problem.’ Be- 
cause early reocclusion has been related to inadequate 
anticoagulation, most thrombolysis protocols include 
anticoagulation. 

Streptokinase has been administered at our hospital 
since 1984. It is followed by heparin, and then, in most 
cases, by warfarin. As more patients received streptoki- 
nase, we appreciated that they were relatively resistant 
to anticoagulation by heparin and warfarin. In this 
study, we examined the response to anticoagulants after 
streptokinase thrombolysis and compared it with that 
observed in patients anticoagulated without prior 
thrombolysis. 


"Tie eaten therapy has become widely accepted 


METHODS 

We administered streptokinase to every patient with 
AMI who had pain of <4 hours’ duration, who was 
younger than 75 years old and who had no contraindi- 
cations for thrombolysis. AMI patients who were not 
candidates for thrombolysis were randomized, as part of 
a different study, to either receive or not receive hepa- 
rin. Intravenous streptokinase (Streptase®, Behring, 
750,000 U during 1984 and 1,500,000 U thereafter) 
was infused over 1 hour. Sodium heparin (a bolus of 
5000 U, followed by 24,000 to 30,000 U/day by contin- 
uous drip) was simultaneously started. The activated 
partial thromboplastin time (APTT) was determined at 
least daily and adjusted to twice the control value (usu- 
ally in the range of 65 to 120 seconds). Daily heparin 
dosage changes were 6,000 U. Oral warfarin was start- 
ed on day 7 and adjusted to keep the prothrombin time 
at twice the control value. Prothrombin time was mea- 
sured in seconds and recorded as the percentage of the 
control value. When the target prothrombin time was 
achieved, heparin was discontinued and the patient was 
discharged. Our protocol for intravenous streptokinase 
therapy has been previously described.’ 

The same anticoagulation protocol was used in pa- 
tients who had not received thrombolysis. 

We retrospectively identified all patients who were 
admitted to the coronary care unit from January 1, 
1984, to December 31, 1988, with transmural AMI 
(as diagnosed by typical history, electrocardiographic 
changes and at least a 2-fold increase in creatine kinase) 
and received heparin, either after thrombolysis or as the 
heparin arm of the aforementioned trial. We similarly 





identified all patients older than 18 years, who were ad- 
mitted to the department of internal medicine during 
1988 with a diagnosis of deep vein thrombosis or pulmo- 
nary embolism, but were not given thrombolytic thera- 
py. The diagnosis of deep vein thrombosis was made by 
Doppler ultrasound in 1 case and by ascending contrast 
venography in all others; pulmonary embolism was di- 
agnosed in the presence of a suggestive clinical picture 
and of large, mismatched defects on ventilation-perfu- 
sion lung scans, without corresponding findings on the 
chest roentgenogram. 

Patients with abnormal hepatic (alanine aminotrans- 
ferase >1.5 times normal) or renal (creatinine >150 
umol/liter) function were excluded, as were patients 
who died, or in whom heparin was discontinued, before 
the target APTT was achieved. Three groups were de- 
fined. 

Fifty AMI patients had received streptokinase, fol- 
lowed by heparin (group 1). Twenty-four AMI patients 
did not receive streptokinase for various reasons, mainly 
pain of >4 hours’ duration or contraindications to 
thrombolysis (group 2). These patients, who were ran- 
domized to heparin as part of a separate trial, became a 
control group for the present trial. 

Eleven patients were hospitalized during 1988 with 
deep vein thrombosis of the lower extremities or pulmo- 
nary embolism. They were used as an additional control 
group (group 3). 

From the patients’ records the following variables 
were determined. (1) The time in days, from the begin- 
ning of heparin treatment to the achievement of APTT 
>65 seconds (“time to APTT”); in patients who had 
received streptokinase we ignored the prolonged APTT 
that was usually observed for 24 to 36 hours due to 
thrombolysis and examined subsequent values. (2) The 
heparin dose the patient received on the first day that 
the APTT exceeded 65 seconds (“final heparin”). (3) 
The first APTT value that exceeded 65 seconds (“final 
APTT”). (4) The time, in days, from the beginning of 
oral warfarin to the achievement of prothrombin time 
>2 times control (“time to prothrombin time”). (5) The 
cumulative warfarin dose that was administered before 
the prothrombin time first reached 2 times control (“‘cu- 
mulative warfarin”). (6) The final warfarin dose at dis- 
charge (“final warfarin”). (7) The first prothrombin 
time value that exceeded twice the control value (“final 
prothrombin time”). In addition, we noted all other di- 
agnoses and medications. 

Data are presented as mean + standard error of the 
mean. The paired ¢ test was used to compare the means 
of continuous variables. The chi-square test was used 
to compare proportions. Two-tailed probabilities were 
used. The level of significance was p = 0.05. 


RESULTS 

Clinical data are listed in Table I. Age distribution 
was similar in the 3 groups, but there were significant 
differences among the groups in regard to infarct loca- 
tion, and there were significantly more women in group 
3 than in groups 1 and 2. The distribution of medica- 
tions and of accompanying medical conditions was simi- 


Group 
Age (yrs) 


Male sex (%) 
Location of AMI* 
Anterior 
Inferior 
Lateral 
Secondary diagnoses 
and risk factors? 
Hypertension 
Diabetes 
mellitus 
IHD 
Hyperlipidemia 
Smoking 
Additional 
medications? 
Nitrates 
Diuretics 
8 blockers 
Calcium 
antagonists 
Lidocaine 


(n = 50) 


5441 
44 (88) 


19 (38) 
31 (62) 


12 (24) 
10 (20) 


5 (10) 
13 (26) 


22 (44) 

5 (10) 
10 (20) 
41 (82) 


8 (16) 


(n = 24) 


55+ 1 
16 (67) 


11 (45) 
10 (42) 
3 (12) 


13 (54) 
5 (21) 


3 (12) 
2 (8) 


15 (62) 
1 (4) 
6 (25) 

14 (58) 


1 (4) 


Total 


(n=11) (n=85) 


57+5 
4 (36) 


55+ 1 
64 (75) 


30 (40) 
41 (55) 
3 (4) 


27 (31) 
16 (19) 


8 (9) 
15 (18) 


39 (46) 
7 (8) 
17 (20) 
58 (68) 


9 (10) 


‘> ~ ay" e . 7 p ’ 
LEK event Ye Ak at E E. 


Killip class§ 1.2+0.09 1.0+0 
Hospital mortality 0 0 


Values are mean + standard error of the mean. 

Only diagnoses and medications relevant to 27 patients are included. 

Due to the small size of group 3, all comparisons are between groups 1 and 2. 
P <0.01 


t Only the prevalence of hypertension is significantly different (p <0.005). IHD was 
only specified for group 3 patients as other patients had this diagnosis by group 
assignment. 

: pone use of calcium blockers was significantly different (p <0.05). 





AMI = acute myocardial infarction; IHD = ischemic heart disease. 


TABLE Il Comparison of the Hematologic Response to 
Heparin and Warfarin in Patients with Myocardial Infarction, 
With and Without Prior Thrombolytic Therapy 


2 


(n = 24) p Value 


37,755+ 1,516 30,000+1,225 0.002 
5+0.4 3+0.2 
87+5 102+8 
5+0.3 4+0.3 
5+0.4 6+0.5 
40 +3 40+4 
30+1 3241 


Final heparin (U /day) 
Time to APTT (days) 

Final APTT (s) 

Time to PT (days) 

Final warfarin (mg/day) 
Cumulative warfarin (mg) 
Final PT (%) 


Values are mean + standard error of the mean. 
s APTT = activated partial thromboplastin time; NS = not significant; PT = prothrom- 
in time. 





lar in the 3 groups, except that there were more patients 
receiving calcium antagonists in group 1 than in group 
2, and patients in the latter group had a higher preva- 
lence of hypertension. 

The hematologic observations in groups 1 and 2 are 
listed in Table II. The daily dosage of heparin needed 
when the target APTT was achieved (“final heparin”) 
in the 2 groups was 37,755 + 1,516 and 30,000 + 1,225 
U, respectively (p = 0.002). The time to reach a thera- 
peutic APTT in groups 1 and 2 was 5 + 0.4 and 3 + 0.2 
days, respectively (p = 0.009). Although group 1 pa- 
tients needed much more heparin than their group 2 
counterparts, the actual APTT they achieved was lower 
(p = 0.1). There were no significant differences between 
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group 1 and 2 in the parameters of warfarin anticoagu- 
lation. Since the main differences between groups 1 and 
2 were in the parameters of heparin anticoagulation and 
in the “time to prothrombin time,” groups 2 and 3 were 
compared for these variables, and no significant differ- 
ences were noted. Groups 2 and 3 were therefore com- 
bined, and a comparison was made between patients 
who had received streptokinase (group 1) and those who 
had not (groups 2 + 3, Table III). 

Patients who had received streptokinase needed a 
24% higher heparin dose (p <0.001) and took signifi- 
cantly longer to attain a therapeutic APTT. Neverthe- 
less, these patients had a 15% lower APTT value, a dif- 
ference that approached significance (p = 0.08). Pa- 
tients who had received streptokinase also took longer 
(p = 0.05) to reach the target prothrombin time value 
compared with groups 2 + 3 and consequently their cu- 
mulative warfarin dose was higher (12%, difference not 
significant). 


DISCUSSION 

When compared to subjects who received anticoagu- 
lants without prior thrombolysis, streptokinase-treated 
patients required much higher doses of heparin, for 
longer periods of time, to achieve the target APTT. Par- 
adoxically, their final APTT was lower. Similarly, the 
time these patients required to reach adequate antico- 
agulation with warfarin was significantly prolonged. 
Therefore, these patients were partially resistant to anti- 
coagulation, and essentially exhibited a hypercoagulable 
state. Group | patients may have taken longer to reach 
the target APTT, in part because on the day after 
thrombolysis no adjustments of the heparin dose were 
made because of the prevailing lytic state. We believe, 
however, that this is only part of the explanation; this 
finding also fits well with the rest of our observations. 

Our work is limited by its retrospective and nonran- 
domized design. Nevertheless, the groups were general- 
ly similar at baseline. A study randomizing AMI pa- 
tients to heparin with or without streptokinase is no 
longer likely to take place. Differences in the policy of 
anticoagulation are unlikely to have biased the results, 
because the guidelines were similar regardless of diag- 
nosis. Lastly, the lower APTT in group 1 does not sup- 
port the claim that these patients were deliberately giv- 
en higher heparin doses. 

Activation of platelets by thrombolytic agents has 
been well documented? and may also have participated 
in the hypercoagulable state of our patients. This study 
was conducted before aspirin became a routine part of 
our treatment of patients with AMI. 

There is recent evidence for paradoxical increased 
thrombin activity after thrombolytic therapy for AMI. 
Eisenberg et al,!°!! as well as Owen et al,!? found ele- 
vated levels of fibrinopeptide A, a marker of fibrin gen- 
eration, after thrombolytic treatment for AMI. This 
suggests ongoing active thrombosis despite the lytic 
state. Mirshahi et al!? suggested that thrombin activa- 
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TABLE Ill Comparison of the Hematologic Response to 
Heparin and Warfarin in Patients With (Group 1) and Without 
(Groups 2 and 3) Prior Streptokinase Treatment 


1 243 
(n = 35) 


37,7554+1,516 30,294+ 1,089 <0.001 







p Value 














Final heparin (U /day) 


Time to APTT (days) 5+0.4 3+0.2 0.01 
Final APTT (s) 87+5 101+6 0.08 
Time to PT (days) 5+0.3 4+0.2 0.05 
Final warfarin (mg/day) 6+0.4 5+0.3 NS 
Cumulative warfarin (mg) 40+3 3643 NS 
Final PT (%) 3041.3 3141 NS 





Values are mean + standard error of the mean. 
Abbreviations as in Table Il. 


tion after thrombolysis may be due, in part, to exposure 
of fibrin-bound thrombin molecules. They found that in 
vitro thrombin activation was better prevented by hiru- 
din than by heparin. These observations may explain 
the resistance to anticoagulation we have found and 
suggest that after thrombolysis patients need higher 
heparin doses and more frequent dose adjustments to 
overcome a prothrombotic state. 


Acknowledgment: We are indebted to D. Sapoz- 
nikov, PhD, for help in the statistical analysis. 
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Prevention of Late Ventricular Dilatation 
After Acute Myocardial Infarction 
by Successful Thrombolytic Reperfusion 


Carl J. Lavie, MD, James H. O'Keefe, Jr., MD, James H. Chesebro, MD, lan P. Clements, MD, 
and Raymond J. Gibbons, MD 


To examine the sequential changes in left ventricu- 


lar volume after thrombolytic therapy for acute 
myocardial infarction, gated radionuclide ventric- 
ulography was performed within 12 hours of 
thrombolysis and at 1 and 6 weeks in 34 consecu- 
tive patients who received intravenous thrombolytic 
therapy in the Thrombolysis in Myocardial Infarc- 
tion Trial. Angiographic confirmation of immediate 
reperfusion (mean 5.6 hours after onset of symp- 
toms) that persisted at 24 hours was noted in 24 
patients; 10 patients were not reperfused. A small 
(9.5%), but significant (p = 0.05), increase in end- 
diastolic volume index was noted in the reperfused 
group between 1 and 6 weeks; however, a marked 
degree of dilatation (35%) was noted in the non- 
reperfused group (p = 0.01). The change in left 
ventricular volume between 1 and 6 weeks differed 
in the 2 groups for both end-diastolic volume index 
and end-systolic volume index (p = 0.01 and p = 
0.02, respectively). By 6 weeks, both end-diastolic 
volume index and end-systolic volume index were 
greater in the nonreperfused group (p <0.05). Be- 
tween the acute and 6-week studies, definite in- 
creases in end-diastolic volume index (p <0.05) and 
end-systolic volume index (p <0.01) occurred com- 
monly in the nonreperfused group but rarely in the 
reperfused group. Compared to the nonreperfused 
group, the reperfused group also had significantly 
higher ejection fractions at both 1 and 6 weeks (p 
<0.05). The change in end-diastolic volume index 
between 1 and 6 weeks correlated significantly and 
inversely with the ejection fraction at 1 week (r = 
—0.60, p <0.001). These results indicate that ven- 
tricular dilatation occurs between 1 and 6 weeks 
after myocardial infarction, is proportional to sys- 
tolic dysfunction and may be largely prevented by 
successful thrombolytic reperfusion. 

(Am J Cardiol 1990;66:31-36) 
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ventricular function have been shown to be predictive 

of early and late mortality after acute myocardial 
infarction.'~* Although late ventricular volumes have 
been shown to be proportional to ejection fraction,’ sev- 
eral reports indicate that ventricular volumes are the 
most important predictors of survival after infarction.5-7 
These data suggest that treatment of infarction should 
be aimed not only at limitation of infarct size, but also 
at prevention of ventricular dilatation. 

Reperfusion therapy may have beneficial effects in 
addition to decrease of infarct size.*.? Animal studies 
indicate that although late coronary reperfusion may 
not salvage significant myocardium, reperfusion may 
still limit wall thinning, dilatation and aneurysm forma- 
tion.'°-!! In several clinical trials, patency of the infarct- 
related artery had only minor beneficial effects on glob- 
al or regional ventricular function, but improved overall 
survival.'*!3 A patent infarct-related artery may there- 
fore help prevent ventricular dilatation and improve sur- 
vival by mechanisms other than by simply limiting in- 
farct size. 

In our study, we used serial radionuclide ventriculog- 
raphy to determine the time course of ventricular dilata- 
tion after acute myocardial infarction and to determine 
whether thrombolytic reperfusion of an infarct-related 
artery, even if accomplished relatively late after onset 
of symptoms, helps prevent subsequent ventricular dila- 
tation. 


| Rs left ventricular volumes and impaired 


METHODS 

Study population: Thirty-four consecutive Mayo 
Clinic patients who had acute myocardial infarction be- 
tween September 1984 and February 1986, who were 
enrolled in the Thrombolysis in Myocardial Infarction 
Trial and received thrombolytic therapy, participated in 
the study. Inclusion criteria for eligibility were the fol- 
lowing: age <76 years; ischemic chest pain for =30 
minutes; ST-segment elevation 20.1 m in 22 electro- 
cardiographic leads; <7 hours of elapsed time from on- 
set of chest pain to recruitment; and angiographic docu- 
mentation of 250% decrease in the lumen diameter of 
the infarct-related artery. Patients were excluded from 
our study if radionuclide or coronary angiographic data 
were incomplete. Ten patients received intravenous 
streptokinase (1.5 million units infused over 1 hour) and 
24 patients received 80 mg of intravenous tissue plas- 
minogen activator over 3 hours (40, 20 and 20 mg in 
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TABLE I Ejection Fraction and Volume Changes After Thrombolytic Reperfusion 


Variable Short-Term 1 Week 


Ejection fraction (%) 
Reperfused group (n = 24) 
Nonreperfused group (n = 10) 
Comparison between groups 
End-diastolic volume 
Index (cc /m?) 
Reperfused group 
Nonreperfused group 
Comparison between groups NS 
End-systolic volume 
Index (cc /m?) 
Reperfused group 67+7 
Nonreperfused group 86+9 
Comparison between groups NS 


Values are mean + standard error. 
NS = not significant. 


TABLE Il Correlation Coefficients for the Change in End- 
Diastolic Volume Index Between Weeks 1 and 6 


Variables r p Value 















Ejection fraction at 1 week 
Infarct location (anterior 0.56 
vs inferior) 
Reperfusion status 
(reperfused vs not) 


p <0.001 


TABLE Ill Ejection Fraction and Volume Changes After 
Thrombolytic Reperfusion in the Subgroup of Anterior 
Infarctions 


Reperfused Nonreperfused 
Group Group 


Variable (n =8) (n=7) 


Ejection fraction at 1 week 
(%) 

AEDVI from weeks 1 to 6 
(cc/m?) 

AESVI from weeks 1 to 6 
(cc/m*) 


Values are mean + standard error. 
A = change. 
EDVI/ESVI = end-diastolic, end-systolic volume index. 





the first, second and third hours, respectively). An intra- 
venous bolus of heparin (5,000 units) was administered 
short-term in the cardiac catheterization laboratory; an 
infusion of heparin was initiated 1 hour after starting 
thrombolytic therapy and continued for 8 to 10 days. 
Coronary angiography: Biplane left ventriculog- 
raphy and coronary cineangiography were performed in 
all patients before thrombolytic therapy. Coronary cine- 
angiography of the infarct-related artery was repeated 
at 10, 20, 30, 45, 60, 75 and 90 minutes and 24 hours 
after administration of the thrombolytic agent. In most 
patients, cineangiography was also repeated at hospital 
discharge. Perfusion of the infarct-related artery was 
graded on a scale of 0 to 4 according to rigid predeter- 
mined definitions as previously described.'* Based on 
this grading system, patients were divided into the fol- 
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1 Week vs 
6 Weeks 


Short-Term 
vs 6 Weeks 


Short-Term 


6 Weeks vs 1 Week 


50+3 
36+5 
p <0.05 


112+6 
15915 
p <0.05 


60+7 
109 + 16 
p <0.05 NS 


lowing 2 groups: the reperfused group—grade 0 or 1 at 
baseline to grade 2 or 3 by the 90-minute study that 
persisted at 24 hours; and the nonreperfused group— 
grade 0 or | at baseline and at 90 minutes and/or 24 
hours. If reocclusion of the infarct-related artery oc- 
curred during hospitalization, the patient was consid- 
ered nonreperfused unless = grade 2 flow was reestab- 
lished within 4 hours of reocclusion. Infarct location 
was defined both angiographically by the infarct-related 
artery and electrocardiographically by the location of 
ST elevation and Q waves. 

Coronary care: Routine coronary care was provided 
within the predetermined study guidelines. Antianginal 
therapy was administered as needed for the recurrence 
of ischemic pain. At the time of the second radionuclide 
ventriculogram, 11 patients were on long-acting nitrates 
(7 in the reperfused group, 4 in the nonreperfused 
group) and 15 patients were on calcium blockers (13 in 
the reperfused group and 2 in the nonreperfused group), 
but these were held for 8 to 12 hours before the radio- 
nuclide ventriculogram. All patients were dismissed on 
a 6 blocker drug at a dosage sufficient to maintain the 
resting heart rate at <60 beats/min. No patients were 
receiving therapy with angiotensin-converting enzyme 
inhibitors, and no patient had recurrent myocardial in- 
farction between the short-term and 6-week radionu- 
clide ventriculogram. 

Radionuclide ventriculography: Radionuclide ven- 
triculography, with technetium-99m-labelled red blood 
cells,!° was obtained at the following times: within 12 
hours of myocardial infarction; 7 to 8 days later; and 6 
weeks later. Radionuclide data was acquired and pro- 
cessed using a commercially available dedicated com- 
puter system and software and previously described 
techniques.'® Ejection fraction was calculated from the 
background corrected left ventricular counts versus time 
curve. Ventricular volumes were determined using a 
count-based method corrected for body surface area 
and a regression equation as reported by this laborato- 
ry'’; an excellent correlation between this method and 
contrast ventriculography for both end-systolic and end- 
diastolic volume measurements has been documented.!’ 





Changes in such measurements over time have been 
used to assess the effects of medical therapy.'* In 61 
stable coronary patients studied serially in our laborato- 
ry without a change in symptoms, electrocardiographic 
findings or medications between studies, the 95% confi- 
dence limits for a definite increase (+ 2 standard devi- 
ations) in end-diastolic volume index and end-systolic 
volume index were 38 and 26 cc/m/’, respectively.!° 
These limits were used to identify definite increases be- 
tween studies. 

Statistical evaluation: Changes in ejection fractions 
and volumes between time points were assessed by 
paired ¢ tests within groups. Intergroup comparisons of 
volumes, ejection fractions or changes in volumes or 
ejection fraction were made using the Wilcoxon rank- 
sum test. The Pearson chi-square test was used to com- 
pare the prevalence of ventricular dilatation in patients 
with and without reperfusion. 

Association of dilatation with baseline parameters 
was assessed by simple and multiple linear regression. 


RESULTS 

The study group included 34 patients (30 men and 4 
women) with a mean age of 55 years. Successful reper- 
fusion occurred in 24, or 71% of patients and 10 pa- 
tients remained nonreperfused. Reperfusion occurred in 
50% (5 of 10) of those treated with intravenous strepto- 
kinase and in 79% (19 of 24) of the patients treated 
with intravenous tissue plasminogen activator. Mean 
time from onset of ischemic pain to initiation of throm- 
bolytic therapy was 4 hours and 24 minutes (range 1 
hour 37 minutes to 6 hours 56 minutes) in the reper- 
fused group and 4 hours and 27 minutes (range 2 hours 
22 minutes to 7 hours) in the nonreperfused group. 
Mean time from the onset of ischemic pain to successful 
reperfusion in the reperfused group was 5 hours and 36 
minutes (range 2 hours 7 minutes to 7 hours 26 min- 
utes). 

The location of infarction was anterior in 15 pa- 
tients, inferior in 17 and lateral in 2. Thrombolytic ther- 
apy in the inferior infarction patients (tissue plasmino- 
gen activator in 14 patients and streptokinase in 3) had 
a higher success rate than in those with anterior infarc- 
tions (tissue plasminogen activator in 7 and streptoki- 
nase in 8). Reperfusion was achieved in 15 of 17 inferior 
infarctions and in 8 of 15 anterior infarctions, despite 
similar times from onset of pain to initiation of therapy. 
Two patients with inferior infarction (tissue plasmino- 
gen activator in 1, streptokinase in 1) and no reperfu- 
sion at 90 minutes remained unstable and had success- 
ful reperfusion by percutaneous transluminal coronary 
angioplasty after the 90-minute angiogram and thus are 
counted in the reperfused group. All patients reperfused 
short-term remained patent by repeat angiography 24 
hours later. Predischarge coronary angiograms were ob- 
tained in 22 of 24 patients in the reperfused group. The 
infarct-related artery remained patent in 21 of these 22 
patients. In the nonreperfused group, 7 of 10 patients 
underwent predischarge angiography; 4 of the 7 had a 
patent infarct-related artery. 

Ejection fraction: The ejection fraction on the short- 


term study (Table I) showed an insignificant trend 
toward preservation of myocardial function in the reper- 
fused group. Between the short-term and 1-week stud- 
ies, the ejection fraction increased significantly in the 
reperfused group (p = 0.02), but was unchanged in the 
nonreperfused group. At 1 week after infarction, the 
difference between the reperfused and nonreperfused 
groups was more apparent and of statistical signifi- 
cance. The differences between the groups remained 
significant (p <0.05) at 6 weeks, although the overall 
change between the short-term and 6-week studies was 
not significantly different between the 2 groups. 

Left ventricular volumes: At the time of the short- 
term study, ventricular volumes were not significantly 
different in the 2 groups (Table I, Figures 1 and 2). 
Both end-diastolic volume index (p = 0.02) and end- 
systolic volume index (p = 0.02) decreased significantly 
between the short-term and 1-week postinfarction stud- 
ies in the reperfused group, but not in the nonreperfused 
group. Between 1 and 6 weeks after infarction, ventricu- 
lar volumes increased significantly in both groups (Ta- 
ble I). The degree of dilatation between 1 and 6 weeks 
was significantly different between the 2 groups (Fig- 
ures 1, 2 and 3). Although there was no significant 
change in end-diastolic volume between the short-term 
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FIGURE 1. Changes in left ventricular end-diastolic volume in- 
dex (EDVI) with respect to time in patients with reperfusion 
(group R) and those without reperfusion (group NR). * p = 
0.02 for short-term versus 1 week in group R; ** p = 0.05 
for 1 week versus 6 weeks; *** p = 0.01 for 1 week versus 6 
weeks in group NR. 
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FIGURE 2. Changes in left ventricular end-systolic volume in- 
dex (ESVI) with respect to time in patients with reperfusion 
(group R) and those without successful reperfusion (group 
NR). * p = 0.02 for short-term versus 1 week in group R; 
** p = 0.01 for 1 week versus 6 weeks; *** p = 0.01 for 1 
week versus 6 weeks in group NR. 
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and 6-week studies in either group, 4 of 10 patients in 
the nonreperfused group showed a definite increase in 
end-diastolic volume index between the short-term and 
6-week studies compared to only 2 of 24 (p <0.05) in 
the reperfused group (Figure 4); similar trends were 
noted for end-systolic volume index (p <0.01) and when 
comparing the 1- and 6-week studies. These differences 
between the groups could not be accounted for by load- 
ing conditions or the presence of mitral regurgitation. 
In univariable analyses (Table II), the change in 
end-diastolic volume index between 1 and 6 weeks cor- 
related significantly with the ejection fraction at 1 week 
(r = —0.60, p <0.001), the location of infarction (r = 
0.56, p <0.001) and the reperfusion status of the in- 
farct-related artery (r = 0.45, p <0.01). The strongest 
relation was the inverse correlation with ejection frac- 
tion at 1 week (Figure 5). When controlling for ejection 
fraction, there was an independent trend of less dilata- 
tion with successful reperfusion (—16 + 11 cc/m7) that 
did not reach statistical significance (p = 0.1). 
Anterior infarcts: In the subgroup of patients with 
anterior myocardial infarction (Table III), similar 
trends were present. At 1 week, the ejection fraction 
appeared higher in the reperfused group, but this differ- 
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FIGURE 3. Effects of thrombolytic reperfusion on left ventric- 
ular volume changes between 1 and 6 weeks. Differences be- 
tween patients with successful reperfusion (group R) and 
those without successful reperfusion (group NR) were signifi- 
cant. EDVI = left ventricular end-diastolic volume index; ESVI 
= left ventricular end-systolic volume index. 
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ence did not reach statistical significance. Both ventric- 
ular volumes increased between 1 and 6 weeks in both 
groups, but much less so in the subgroup of patients 
with reperfusion. 


DISCUSSION 

Impaired ventricular function is an important deter- 
minant of prognosis after myocardial infarction.'~> Di- 
latation of the infarct zone may appear within the first 
days of acute infarction and reflects early infarct expan- 
sion.?? In some patients, left ventricular dilatation may 
progress during the next 6 months and lead to deteriora- 
tion in systolic function with an increase in mortality.7° 
Although ventricular volumes after myocardial infarc- 
tion seem to be related to infarct size,* these volumes 
may be the principal predictor of survival after infarc- 
tion.°-’ In a study of 605 male patients followed for a 
mean of 78 months after infarction, end-systolic vol- 
ume, end-diastolic volume and ejection fraction were all 
strongly associated with survival. However, stepwise 
analysis showed that after adjustment for ventricular 
volumes, there was no additional predictive information 
from the ejection fraction. These data suggest that 
treatment of infarction should be aimed not only at lim- 
itation of infarct size, but also at prevention of ventricu- 
lar dilatation. 

Prevention of left ventricular dilatation: Since ven- 
tricular dilatation is more common after transmural in- 
farction, partial salvage of the epicardial myocardium 
may prevent dilatation. Animal studies have shown that 
relatively late coronary reperfusion, performed after the 
time required to salvage significant quantities of myo- 
cardium, is associated with a decrease in wall thinning, 
dilatation and aneurysm formation.!®!! Prior human 
studies have shown a strong association between persis- 
tent occlusion and both aneurysm formation?! and ven- 
tricular dilatation.? 

Our study shows preservation of systolic function at 
l and 6 weeks in patients with relatively late reperfu- 
sion. Although significant ventricular dilatation occurs 
between 1 and 6 weeks in both patients with and with- 
out successful immediate reperfusion, the dilatation is 
considerably greater in those without reperfusion (35 vs 
9.5%). The change in end-diastolic volume index be- 


FIGURE 4. Prevalence of significant left 
ventricular (LV) dilatation, defined as in- 
creases in end-diastolic volume index 
(EDVI) and end-systolic volume index 
(ESVI) >38 and 26 cc/m2, respectively, 
between the short-term and 6-week stud- 
ies and between 1 and 6 weeks in patients 
with (group R) and without (group NR) 
successful reperfusion. 
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tween 1 and 6 weeks after infarction correlated signifi- 
cantly with ejection fraction at 1 week, infarct location 
and the presence or absence of early patency of the in- 
farct-related artery. Others have shown a similar de- 
crease in infarct expansion by successful intravenous re- 
perfusion therapy.”? 

In the only prior study examining ventricular vol- 
umes after thrombolytic therapy, Warren et al** per- 
formed radionuclide ventriculography 1 day, 11 days 
and 10.5 months after acute myocardial infarction in 36 
patients treated with thrombolytic therapy. Compared 
to baseline ventricular volumes, 20 of 36 patients 
showed a >20% increase in end-diastolic volume index 
with time. In contrast to our results, however, ventricu- 
lar dilatation and ejection fraction were not different in 
those patients with successful reperfusion. If we applied 
the same criteria for defining ventricular dilatation as 
Warren,”4 Jeremy? and their co-workers (>20% in- 
crease), 6 of 10 patients in the nonreperfused group 
showed significant dilatation with time compared with 
only 4 of 24 patients in the reperfused group (p <0.05). 
Several methodologic differences may account for the 
marked difference in the results between these studies. 
Warren et al4 administered much lower doses of 
thrombolytic therapy by the intracoronary route in 30 
of 36 patients, whereas all of our patients received high- 
er doses of intravenous therapy. In addition, successful 
reperfusion was defined at different times in the 2 stud- 
ies—short-term and at 24 hours in this study versus 
short-term and at 2 weeks in their study. 

Other medical therapies have recently been shown to 
decrease infarct expansion. Captopril therapy decreased 
ventricular dilatation and mortality after experimental 
infarctions in animals? and decreased ventricular dila- 
tation in asymptomatic patients after anterior infarc- 
tion.2° The effect of other drugs on ventricular dilata- 
tion, however, is not well established. It is possible that 
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FIGURE 5. Correlation between ejection fraction (EF) at 1 
week and change in left ventricular end-diastolic volume 
index (AEDVI) between weeks 1 and 6. Group R had 
successful reperfusion whereas group NR did not. 


therapy with nitrates?’ and calcium-entry blocking 
agents? may decrease dilatation. None of our patients 
received angiotensin-converting enzyme inhibitors, but 
many received long-acting nitrates and low doses of cal- 
cium-entry blockers (usually nifedipine 30 mg/day or 
diltiazem 180 mg/day). 

Study limitations: There are several limitations to 
our study. First, errors (in count-based radionuclide vol- 
umes) may occur due to variability in count attenuation 
due to patient differences in chest wall thickness and 
cardiac configuration. In general, these count-based vol- 
umes are lower in obese subjects and higher in thin pa- 
tients. However, relative changes in volumes over time 
in the same patient, as determined in our study, would 
not be affected by these interpatient differences. Sec- 
ond, the value of thrombolytic reperfusion in patients 
with inferior infarction could not be assessed because 
very few of these patients did not reperfuse. Third, we 
studied the results of successful initial reperfusion that 
persisted at 24 hours and our study was not large 
enough to assess the impact of late patency of the in- 
farct-related artery on dilatation. Fourth, the use of ni- 
trates and low doses of calcium-entry blocking agents 
may have contributed to the prevention of dilatation af- 
ter successful thrombolytic reperfusion. Finally, the ef- 
fects of successful thrombolytic reperfusion on global 
systolic function noted in our relatively small cohort of 
patients is quite pronounced. The data suggested a 
trend toward less dilatation in patients with successful 
reperfusion that was independent of ejection fraction at 
1 week, but this did not reach statistical significance. 

Despite these limitations, our results indicate that 
successful intravenous thrombolytic reperfusion is asso- 
ciated with a decrease in ventricular dilatation 1 to 6 
weeks after infarction, thus suggesting another potential 
beneficial effect of thrombolytic therapy, which may 
contribute to the marked decrease in mortality that has 
been reported.??-2° Therapeutic agents that are adminis- 
tered to prevent ventricular dilatation after myocardial 
infarction must be initiated earlier than 6 weeks after 
infarction if they are to be successful. 
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Beneficial and Detrimental Effects of Lidoflazine 
in Microvascular Angina 


Richard O. Cannon, Ill, MD, John E. Brush, Jr., MD, William H. Schenke, BA, 
Cynthia M. Tracy, MD, and Stephen E. Epstein, MD 


Lidofiazine, a piperazine derivative calcium 
antagonist, was investigated as therapy in 22 pa- 
tients with microvascular angina (chest pain, angio- 
graphically normal coronary arteries and left ven- 
tricle, microvascular constrictor response to pacing 
after ergonovine administration and limited coro- 
nary flow response to dipyridamole). Eighteen of 
22 patients reported symptom benefit while taking 
lidoflazine 360 mg daily. Compared to baseline ex- 
ercise treadmill testing, lidoflazine resulted in sig- 
nificant improvement in exercise duration (812 + 
337 vs 628 + 357 seconds, p <0.01) and time to 
onset of chest pain (530 + 343 vs 348 + 246 sec- 
onds, p <0.01). The 5 patients with ischemic ST- 
segment changes during baseline testing demon- 
strated an almost 4-minute delay in ST-segment 
depression (3 patients) or no ST-segment depres- 
sion (2 patients) while taking lidoflazine. Repeat in- 
vasive study of coronary flow in 11 patients taking 
lidofiazine demonstrated significantly greater coro- 
nary vasodilation at rest, during pacing, during 
pacing after ergonovine and after dipyridamole ad- 
ministration (all p <0.03), compared to the initial 
drug-free study. During the randomized, placebo- 
controlled phase of the study with 7-week treat- 
ment periods, 9 of 11 patients who completed this 
phase of the study preferred lidoflazine and all 
demonstrated improved exercise capacity with lido- 
flazine compared to placebo. However, 3 patients 
developed malignant ventricular arrhythmias, and 1 
died while taking lidoflazine, resulting in termina- 
tion of the study. 

Limited coronary vasodilator response in micro- 
vascular angina has a reversible vasoconstrictor 
component and may be due to elevated systolic cal- 
cium levels. Despite the hemodynamic, symptom 
and exercise benefit, lidoflazine may be unsafe for 
clinical use because of its propensity to cause po- 
tentially fatal ventricular arrhythmias. 

(Am J Cardiol 1990;66:37-41) 
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ically normal-appearing coronary arteries are a 
heterogenous population. We believe that a sub- 
set of these patients, including those designated in the 
past as having syndrome X on the basis of ischemic- 
appearing ST-segment responses to exercise,' do experi- 
ence cardiac pain. We have previously demonstrated a 
dynamic abnormality of the coronary microcirculation, 
probably involving intermediate-sized intramural arter- 
ies, that limits appropriate coronary flow responses to 
stress.2-> This abnormality can best be identified by a 
reduction in the coronary flow response to pacing stress 
after administration of ergonovine, compared to pacing 
alone. Further, these patients also have a limited flow 
response to the potent arteriolar vasodilator, dipyrida- 
mole. On the basis of these studies in over 100 patients 
referred to our institution, we have termed the syn- 
drome “microvascular angina.”> 
We have demonstrated that most patients respond 
symptomatically to voltage-sensitive calcium antago- 
nists,° presumably because of the vasodilator properties 
of these drugs. However, a substantial minority contin- 
ues to be significantly symptomatic with nocturnal, rest, 
effort and emotional stress-induced episodes of chest 
pain. Because of the response of most patients to drugs 
that interfere with calcium entry into vascular smooth 
muscle, we investigated the therapeutic use of lido- 
flazine, a piperazine derivative calcium entry antago- 
nist.” Lidoflazine has properties previously shown 
to have antiischemic benefit in patients with coronary 
artery disease,?'! and a myocardial protective effect 
against calcium overload during ischemia.!? 


P atients with chest pain associated with angiograph- 


METHODS 

Twenty-two patients, 10 men and 12 women, rang- 
ing in age from 30 to 65 years (average 52) were of- 
fered participation in this study because of frequent and 
often severe episodes of chest pain despite attempts at 
management with conventional calcium antagonists. All 
patients had undergone cardiac catheterization at our 
institution with demonstration of entirely normal left 
ventricles and coronary arteries, as assessed by the prin- 
ciple investigator and consensus of staff cardiologists at 
a weekly conference. The patients thereupon underwent 
a study of coronary flow reserve as described previous- 
ly.2-> The interval between identification of microvas- 
cular angina in the catheterization laboratory to partici- 
pation in this study ranged from 1 day to 3.6 years (av- 
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erage 1.1 years), with an interval of <1 month in 9 of 
22 patients, and <1 year in 5 additional patients. No 
patient was an active smoker, had diabetes or other sys- 
temic disorders or diseases, and all had normal M-mode 
and 2-dimensional echocardiograms and normal chest 
x-rays. This study was approved by the National Heart, 
Lung, and Blood Institute Review Board and informed 
consent was obtained from all patients. 

Baseline studies and lead-in phase of study: After 
discontinuation of all medication for at least 2 days, or 
5 drug half-lives, patients underwent baseline noninva- 
sive testing, which included blood work for blood counts 
and chemistry screen, resting electrocardiogram and 
symptom-limited graded treadmill exercise testing using 
the following protocol, developed at the National Insti- 
tutes of Health. Exercise was initiated at 2.2 mph at 0% 
grade, with increase in grade by increments of 2.5% ev- 
ery 2.5 minutes until 12.5 minutes of exercise. There- 
upon, the treadmill speed increased to 2.3 mph and the 
grade to 12%. Afterward, the speed increased by 0.4 
mph increments and the grade by 2% increments every 
2.5 minutes. Blood pressure was measured with an in- 
dwelling catheter in the brachial artery, and a 12-lead 
electrocardiogram was recorded at rest, at 1-minute in- 
tervals during exercise and at 1-minute intervals up to 5 
minutes after cessation of exercise. An ischemic ST-seg- 
ment response was defined as depression of =>1 mm at 
0.08 second after the J point with a horizontal or 
downsloping configuration. The exercise treadmill timer 
was covered so as to be hidden from view by both pa- 
tient and staff. Exercise testing was performed on 2 sep- 
arate days, the first test to familiarize the patients with 
the protocol, and the second to serve as the baseline 
study for comparison with subsequent exercise testing 
during lidoflazine treatment. 

Patients were then sent home with a 24-hour ambu- 
latory Holter monitor. After completion of the Holter 
monitor study, the patient was instructed to begin tak- 
ing lidoflazine 120 mg each morning, increasing the 
dose by 120 mg increments at 1-week intervals to a final 
dose of lidoflazine 360 mg daily in divided doses. The 
QTc interval was measured from the electrocardiogram 
taken with the patient supine at the end of each week, 
and the decision to increase the dosage to 240 or 360 
mg daily was made based on the absence of QTc pro- 
longation >25% of baseline measurements obtained 
during the drug-free state. 

Lidofiazine studies at completion of lead-in phase: 
At the end of 3 weeks, all patients returned to the clini- 
cal center in the fasting state, except for their morning 
dose of lidoflazine 120 mg. Patients were interviewed as 
to the impact of lidoflazine on symptoms and side ef- 
fects, and underwent graded treadmill exercise testing 
with intraarterial blood pressure and 12-lead electrocar- 
diograms at 1-minute intervals. The timer on the tread- 
mill was again covered, and the patient asked to exer- 
cise until chest pain of moderate severity, limiting dys- 
pnea or fatigue occurred, as in the baseline exercise 
tests performed 3 weeks previously. A 24-hour Holter 
monitor study was performed with the patient continu- 
ing the full dose of lidoflazine. 
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Study of coronary flow reserve on lidoflazine: Al- 
though not required, patients were requested to undergo 
repeat study of coronary flow reserve while they were 
taking lidoflazine to assess its effect on coronary 
and myocardial hemodynamics. Eleven of 22 patients 
agreed to repeat catheterization on lidoflazine. The in- 
terval between the initial and lidoflazine studies aver- 
aged 1.2 years (range 3 weeks to 3.8 years). Twenty 
minutes after coronary angiography, thermodilution 
measurements of great cardiac vein flow and hemody- 
namics were performed at rest, during pacing, during 
pacing after ergonovine 0.15 mg intravenously and after 
dipyridamole 0.75 mg/kg (10 patients), as previously 
described. A thermodilution flow catheter (Elecath) 
was positioned in the great cardiac vein in an identical 
position to the catheter placement for the initial study, 
using landmarks denoted by hand injections of contrast 
dye and recorded in orthogonal projections. 

Outpatient, randomized, double-blind, placebo-con- 
trolled study: After completion of the lead-in phase and 
the repeat catheterization study, if performed, patients 
who felt that lidoflazine was of symptom benefit partici- 
pated in a randomized, double-blind, placebo-controlled 
study. Patients received lidoflazine 240 or 360 mg in 
divided doses of 120 mg capsules 2 or 3 daily, or identi- 
cal placebo capsules to be taken at an identical dosing 
schedule. Because of the relatively long half-life of lido- 
flazine (24 hours) and the need to begin dosing at 1 
capsule daily with weekly increases in total dose to 
avoid side effects, each study period lasted 7 weeks. The 
first 3 weeks of each period was devoted to dosing, and 
the final 4 weeks to treatment on full-dose medication. 
Patients were instructed to keep a diary of chest pain 
frequency and nitroglycerin consumption for the entire 
7-week period, but only the last 4 weeks were analyzed. 
At the end of each study period, patients returned to the 
clinical center for graded treadmill exercise testing, as 
previously described. If this phase of the study demon- 
strated symptom benefit with lidoflazine, the patient 
was invited to continue lidoflazine therapy. 

For all phases of this study, only nitroglycerin was 
permitted as concomitant therapy. 

Statistical analysis: All data are reported as mean + 
1 standard deviation. Continuous variables were ana- 
lyzed using paired 2-tailed Student ¢ test, comparing 
patient variables at baseline and while receiving lido- 
flazine. A p value <0.05 was considered significant. 


RESULTS 

Lead-in phase: On the 22 patients who participated 
in this phase of the study, 18 reported improvement in 
chest pain frequency and severity compared to the no- 
medication baseline and to previous attempts at treat- 
ment with nitrates and conventional calcium antagonists 
(diltiazem, nifedipine, verapamil). Of interest, no pa- 
tient reported benefit until the second or third week of 
the lead-in phase, at a lidoflazine daily dose of 240 or 
360 mg, respectively. Side effects were noted by 15 of 
22 patients (orthostasis in 7, fatigue in 5, headache in 4, 
facial flushing in 3, sweating in 3, nausea in 2, tinnitus 
in 1, tremor in 1). However, side effects were usually 
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transient and no patient requested stopping lidoflazine 
because of side effects. The QTc intervals at baseline 
were 0.45 + 0.4 seconds; at the end of the first, second 
and third weeks on increasing doses of lidoflazine, they 
were 0.46 + 0.03, 0.48 + 0.03 and 0.48 + 0.03 seconds. 
In no patient did the QTc interval exceed 25% of base- 
line. Ambulatory Holter monitoring detected no ven- 
tricular tachycardia and both atrial and ventricular ec- 
topic frequencies were unchanged by lidoflazine. 

Before exercise treadmill testing, heart rate, systolic 
blood pressure and the product of these parameters 
were unchanged by lidoflazine (Table I). During exer- 
cise testing with lidoflazine, exercise duration was 3 
minutes longer, and a slightly higher pressure-rate prod- 
uct was achieved compared to baseline testing. Onset of 
chest pain (or end-exercise, if no chest pain was experi- 
enced with lidoflazine) was delayed by 3 minutes with 
lidoflazine, compared to baseline exercise, with 5 pa- 
tients experiencing no pain during exercise. During 
baseline exercise testing, 5 patients had ischemic ST- 
segment changes and 4 patients had a left bundle 
branch block on electrocardiogram. During exercise 
testing with lidoflazine, 3 patients had ischemic ST-seg- 
ment response, with a 3-minute, 51-second delay in on- 
set of ST-segment depression (p <0.01). The left bundle 
branch block response was not affected by lidoflazine. 

Catheterization study of coronary flow reserve: 
Coronary angiography once again demonstrated entire- 
ly normal-appearing coronary arteries in all patients. As 
shown in Table II, mean blood pressure and coronary 
resistance were significantly lower with lidoflazine com- 
pared to the initial no-medication study. During rapid 
atrial pacing, coronary resistance was significantly low- 
er on lidoflazine, and the postpacing left ventricular 
end-diastolic pressure was also significantly lower. Dur- 
ing repeat pacing after administration of ergonovine 
0.15 mg intravenously, lidoflazine resulted in significant 
reduction in blood pressure and coronary resistance. It 
prevented an increase in coronary vascular resistance by 
ergonovine during pacing in 5 patients. After dipyrida- 
mole 0.75 mg/kg was given to 10 patients, minimum 
coronary resistance was significantly lower and great 
cardiac vein flow significantly higher with lidoflazine 
compared to the initial no-medication study (Figure 1). 
All 4 patients whose lidoflazine studies were performed 
within 5 months of the baseline study demonstrated 
lower coronary resistances during pacing after ergono- 
vine administration and after dipyridamole administra- 
tion. 

Randomized placebo-controlled phase: Eleven pa- 
tients completed this phase of the study. Nine of 11 pre- 
ferred lidoflazine over placebo, although the reduction 
in episodes of chest pain (—9 + 37) and nitroglycerin 
(—28 + 82) did not achieve statistical significance. 
However, all patients demonstrated improved exercise 
duration on the treadmill (141 + 133 seconds, p <0.01) 
with lidoflazine compared to placebo. 

Detrimental effects of lidoflazine during study: 
Three patients experienced malignant arrhythmias 
while receiving lidoflazine during or after completion 
of the outpatient, randomized phase of the study, result- 


TABLE I Rest and Exercise Hemodynamics During Baseline 


and Lidoflazine Studies 


Baseline Lidoflazine 


Rest Exercise Rest Exercise 


Heart rate 79+20 1362419 77412 136421 

(beats /min) 
Systolic BP 

(mm Hg) 
RPP x 102 10.3419 220470 10142.1 23.547.4 
Duration (s) 628 + 357 812+ 337* 
Chest pain 20/22 17/22 
Time to onset of 348 + 246 530 + 343* 

pain (or to end 

of exercise if 

no pain) (s) 


* p <0.01 vs baseline exercise. 
BP = blood pressure; RPP = heart rate X systolic BP. 


ing in termination of the study. A 48-year-old man died 
in his sleep after 5 weeks on lidoflazine 360 mg daily as 
the first drug of the outpatient, randomized phase of the 
study. At autopsy, gross and histologic examination of 
the heart revealed no pathologic abnormalities. The sec- 
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FIGURE 1. Great cardiac vein (GCV) flow and coronary resis- 
tance in the basal state and after dipyridamole 0.75 mg/kg, 
with control compared to lidoflazine studies. 
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TABLE Il Systemic, Myocardial and Coronary Hemodynamic Effects of Lidoflazine in Basal State During Pacing (before and after 


ergonovine administration) and After Dipyridamole Administration 


Pacing 


C 


No. of pts. 11 11 11 
Heart rate (beats/min) 


Mean blood pressure (mm Hg) 107 +13 


SVRI (mm Hg-min-m2 /liter) 


LVEDP (mm Hg) 11+3 9+4 1647 

PCW (mm Hg) 10+4 8+2 1325 

114+ 46 
Coronary resistance (mm Hg-min/ml) 1.58 +.40 1.304 .26* 1.12+.34 
11.1419 118#20 11.141.5 
9.0424 126+5.0 
16.7 +13.5 149411.7 20.1 +18.7 18.1240.5 


GCV flow (ml/min) 70418 76413 


(A-GCV)O2 (mI 02/100 ml) 
MVO; (mI O2/min) 
Lactate con (umol / min) 


* p <0.03, t p <0.02, * p <0.01; § p <0.05. 


7.5422 


78410 74410 150+0 

964127 114417 
Cardiac index (liters /min/m?) 3.0+.5 3.0+.6 3.0.6 
36.849.1 33.6+49.2 3994102 3544100 49.24 20.2 37.2411.1§ 27.3474 25.0+6.9 


Pacing After 
Ergonovine 0.15 mg 


Dipyridamole 0.75 mg 


C L C L 


11 11 11 10 10 
14943 14944 14844 106415 100413 
105+ 19 121413 1084185 101420 96+ 16 
SLS 2.6 1.0) TIERS 3.8+.8 4.0+.7 


17+5 — — 

113 186 1525 — — 

1224 38 112445 123441 168457 233488! 
0.90+0.18t 1.2440.42 0.9340.20* 0.6440.15 0.4540.15* 
LVO2 16> 12012- TLS 1.5 
136456 126444 149466 
25.6419.8 33.44 25.6 


12+ 48 20 + 27 


(A-GCV)O>2 = oxygen gradient across myocardium subserved by GCV; C = control study; GCV = great cardiac vein; L = lidoflazine study; LVEDP = left ventricular end-diastolic 
pressure after pacing; MVO2 = myocardial oxygen consumption in distribution of GCV; Lactate con = lactate consumption ([arterial — GCV] lactate X GCV flow); PCW = mean 
pulmonary artery wedge pressure (after pacing); SVRI = systemic vascular resistance index (mean blood pressure /cardiac index). 





ond case was a 60-year-old woman who had completed 
both the lead-in and outpatient phases of the study with 
demonstrated benefit in chest pain symptoms on lido- 
flazine, and was maintained on lidoflazine 240 mg dai- 
ly. After approximately 1 year on therapy she experi- 
enced a syncopal episode and was found to be in ventric- 
ular tachycardia upon arrival at an emergency room, 
requiring electrical cardioversion. Admission blood 
work showed a serum potassium of 2.9 mg/dl and it 
was later found that she had intermittently been taking 
a diuretic. For the next 24 hours, even after normaliza- 
tion of her serum potassium, she continued to have ven- 
tricular tachycardia, including torsades de pointes mor- 
phology, which was responsive to magnesium sulfate in- 
fusion. The third case was a 49-year-old man who had 
completed both the lead-in and outpatient, randomized 
phase of the study, and was maintained on lidoflazine 
360 mg daily. Four months later, he awoke from sleep 
short of breath, and became syncopal after taking sub- 
lingual nitroglycerin. Paramedics found him to be in 
ventricular fibrillation and successfully cardioverted 
him. No further serious arrhythmias were noted during 
hospitalization. All 3 patients had benefits in symptoms 
and exercise duration while taking lidoflazine. None 
had QTc prolongation >25% of baseline, and none had 
significant ventricular ectopy on telemetry or ambulato- 
ry monitoring during the lead-in phase of the study. 


DISCUSSION 

Our interest in lidoflazine was prompted by its calci- 
um entry-blocking properties, resulting in smooth mus- 
cle relaxation and vasodilatation.”? We were particular- 
ly interested in the data suggesting that lidoflazine 
blocks calcium entry at sites different from those 
blocked by the currently available calcium antago- 
nists, 13-15 

All of the patients entered into this study were de- 
rived from the relatively small cohort of patients who 
had proven refractory to the voltage-sensitive calcium 
channel blockers diltiazem, nifedipine and verapamil. 
Lidoflazine improved their effort tolerance and reduced 
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their chest pain frequency. Most importantly, the drug 
increased the coronary vasodilator response to pacing, 
and to pacing after ergonovine and after dipyridamole 
administration. 

These observations, taken together with our previous 
studies documenting the clinical efficacy of calcium an- 
tagonists in a large percentage of patients with micro- 
vascular angina, may possibly shed light on the patho- 
physiologic mechanisms operative in this disease. First, 
it appears that the limited vasodilator response of pa- 
tients with microvascular angina to metabolic and phar- 
macologic stimuli has a reversible vasoconstrictor com- 
ponent. Second, our results are compatible with the hy- 
pothesis that this vasoconstrictor component is due to 
elevated systolic calcium, as suggested by the beneficial 
effects of calcium antagonists. Although this hypothesis 
is intriguing, it must be emphasized that the salutary 
effects of calcium antagonists we observed may be non- 
specific, in that these drugs may lead to coronary dila- 
tion in any situation in which coronary vasoconstriction 
plays a pathophysiologic role, regardless of the precise 
mechanism. 

Limitations: For many patients in this study, a time 
span of over a year separated initial diagnostic studies 
and participation in this study. Although significant 
coronary artery disease might have developed in the in- 
terim, this is uncommon in patients with angiographi- 
cally normal coronary arteries.'® Further, in the 11 pa- 
tients in our study who underwent repeat coronary flow 
studies on lidoflazine, coronary arteries remained angio- 
graphically normal in all. With regard to the repeat cor- 
onary flow studies in this subset of study participants, 
although we do not know the reproducibility of coro- 
nary flow measures in our protocol (performed in the 
same patient at different time intervals) for practical 
and ethical reasons, the effect of lidoflazine on coronary 
flow responses is consistent with the symptom and exer- 
cise benefit noted. 

Before initiating our study, we were aware of 2 re- 
ports of deaths in patients with coronary artery disease 
who were taking lidoflazine.'’:!® The deaths were be- 





lieved to be related to a proarrhythmic effect of the 
drug as a consequence of prolongation of the QT inter- 
val. Accordingly, our patients were carefully screened 
before entry into the study for abnormal QT intervals, 
and QT intervals were frequently monitored during the 
study. Despite these precautions, however, lidoflazine 
had lethal or near-lethal proarrhythmic effects in 3 of 
22 patients. Thus, it appears lidoflazine cannot be used 
safely in patients with microvascular angina, a conclu- 
sion that also must raise serious questions about its use 
in other myocardial ischemic syndromes. 


Acknowledgment: We wish to thank June Moon for 
typing this manuscript, and Janssen Pharmaceutica Inc. 
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Dissociation of Exercise Tolerance 
and Total Myocardial Ischemic Burden 
in Chronic Stable Angina Pectoris 


William E. Shell, MD, and Dorothy Dobson, RN, BS 


Exercise treadmill tests and ambulatory monitoring 


were used in a double-blind, placebo-controlled, 
double-dummy crossover comparison of nifedipine 
(10 mg, 3 times daily) and transdermal nitroglycer- 
in (15 mg). All patients (n = 20) had chronic stable 
angina with symptomatic and silent events. All pa- 
tients had 3 episodes of angina/week and 3 epi- 
sodes of ischemia/24 hr. The protocol was made up 
of 2 weeks of placebo followed by 2 weeks of ac- 
tive drug, then crossed over for 2 weeks of placebo 
followed by the other active drug. At the end of 
each 2-week period, patients had ambulatory moni- 
toring and exercise treadmill testing. All ambulato- 
ry monitoring reports were read blind and entered 
into an independent data base. The results were the 
following: on transdermal nitroglycerin, the dura- 
tion of ischemia decreased by 57% from 140 min/ 
24 hr to 60 min/24 hr (p = 0.0054). The exercise 
time increased by 5.5% from 4.8 to 5.0 minutes (p 
= 0.16). With nifedipine, the duration of ischemia 
decreased by 22% from 175 min/24 hr to 137 
min/24 hr (p = 0.16). The exercise tolerance time 
increased by 13% from 4.5 to 5.0 minutes (p = 
0.0264). Nifedipine increased exercise time with- 
out altering total ischemic time, while transdermal 
nitroglycerin decreased total ischemic time without 
increasing exercise time. Thus, changes in exercise 
time do not necessarily predict changes in total 
ischemic time. 

(Am J Cardiol 1990;66:42-48) 
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xercise tolerance tests have been used to assess 
DON efficacy in patients with chronic sta- 
le angina. The assumption of exercise testing is 
that peak coronary blood flow is limited by atheroscle- 
rotic obstruction and that increasing demand by exer- 
cise stress will uncover the limitation to flow. This as- 
sumption underlies the use of exercise tolerance tests in 
both detection of atherosclerotic disease! and as a 
marker of therapeutic efficacy.+° The rationale, how- 
ever, for the use of exercise testing to test therapeutic 
agents is poorly defined and largely a matter of tradi- 
tion based on the idea that decrease in oxygen demand 
would be reflected in increased exercise time and that 
exercise testing in certain patients is objectively repro- 
ducible, rather than the soft endpoint of anginal diaries. 
Recently, an alternate model to fixed coronary ar- 
tery obstruction has been proposed suggesting that both 
fixed and dynamic coronary stenosis determine the sup- 
ply of blood to the ischemic myocardium.’~!° The exis- 
tence of dynamic stenosis implies that both exercise 
stress at fixed supply and coronary vasomotion at fixed 
demand can elicit ischemic events. The demonstration 
that ischemic events can be both painful and painless 
has further complicated quantification of ischemia,!!~!? 
precluding the use of anginal diaries alone to measure 
the frequency of ischemic events. Thus, the concept of 
objectively measured total ischemic burden has evolved, 
in which Holter monitoring is being used to measure the 
number and duration of ischemic events.!4 
The possibility that exercise-induced ischemic events 
and total ischemic burden may be independent of one 
another and may be poorly related to each other when 
dynamic stenosis is the dominant event has been poorly 
explored and thus is the subject of this study. 


METHODS 

Protocol design: A double-blind, placebo-controlled, 
crossover double-dummy format was used (Figure 1) 
comparing transdermal nitroglycerin to nifedipine. All 
patients were tapered from other antiischemic agents, 
except for sublingual nitroglycerin for anginal symp- 
toms, before entry. The washout phase was 2 weeks. 
The patient then entered a placebo run-in phase of 2 
weeks. 

At the end of the washout phase, the patients under- 
went Holter monitoring and exercise treadmill testing. 
The patients qualified if they experienced =1 mm of 
ischemic ST-segment depression and anginal pain by 
the time they reached 85% of the maximum predicted 
heart rate. Reproducible time to either angina or isch- 
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mia was not a criterion for study entry; only the pres- 
ence of a single positive exercise test at the end of the 
washout period was a qualifying criterion. In addition, 
each patient at the end of the washout phase had to 
have 3 episodes of ischemia/24 hr on the Holter moni- 
tor tape. 

If they qualified, patients were then randomized to 1 
of the 2 following sequences: placebo-nifedipine-place- 
bo-transdermal nitroglycerin or placebo-transdermal ni- 
troglycerin-placebo-nifedipine. Each phase was 2 weeks. 
At the end of each phase, the patient returned for exer- 
cise testing before dosing at trough blood levels of study 
drug and Holter monitoring was performed during peak 
blood levels of study drug. 

During the 8-week period, the patient took 3 cap- 
sules and applied 1 dermal patch each day. The dose of 
the nifedipine was 10 mg 3 times daily and the dose of 
transdermal nitroglycerin was 15 mg/24 hr. The place- 
bo and active capsule and patches were identical. Pill 
and patch count were performed at each period. 

Patient selection: Patients with chronic stable angi- 
na were selected. The patients had a history of painful 
ischemia (angina) and were not patients with only silent 
events. Documentation of ischemic coronary artery dis- 
ease was required and included 21 of the following: an 
electrocardiogram proving a previous myocardial infarc- 
tion; angiographic evidence of 260% diameter narrow- 
ing of 21 major coronary artery; a positive exercise test, 
i.e., typical chest pain plus 21 mm ST-segment depres- 
sion; or a positive thallium exercise test. In addition, 
presence of =3 ischemic events on 24-hour Holter mon- 
itoring during the qualifying prestudy period was re- 
quired. In the study, 15 of the 19 patients had either an 
old myocardial infarction or atherosclerosis determined 
by coronary angiography. 

Patients were excluded if they had evidence of accel- 
erated angina, known intolerance to organic nitrates or 
recent mechanical therapy. Other exclusions were re- 
cent (<3 months) myocardial infarction, bypass grafts 
or angioplasty and concomitant administration of vaso- 
dilators or calcium antagonists other than the study 
drugs (sublingual nitroglycerin was dispensed with the 
study drugs and nitroglycerin counts were performed). 
Metoprolol was not allowed as compared to our previ- 
ous protocols. 


FIGURE 1. Study protocol. 
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Exercise treadmill testing: The exercise tolerance 
treadmill tests were performed using the Ellestad proto- 
col!> in accordance with American Heart Association 
criteria. The total exercise time was recorded. The tests 
were stopped by either “moderate anginal” pain or an- 
ginal equivalent symptoms with 21 mm ST-segment 
depression before reaching 85% of predicted heart rate. 
Anginal equivalent symptoms of arm, neck or jaw pain 
were accepted when they occurred with the ST-segment 
depression. 

Holter monitoring: The Holter monitoring was per- 
formed using standard ambulatory monitoring cassette 
recorders. A 2-lead system was used. A calibration was 
used at each recording. Qualifying Holter monitoring 
was performed before visit 1 to assure that the patient 
met the 3 events in 24 hours eligibility criteria. 

The cassette recordings were analyzed using either a 
standard ambulatory monitoring system or Ischemia 
Monitoring Analysis System. In these systems, full dis- 
closure printouts were obtained. The printout provided 
either 30 min/page or 60 min/page. The principal in- 
vestigator read each full disclosure printout. The onset 
and offset of each ischemic event was marked. The elec- 
trocardiogram printout was used to assure that each de- 
tected ischemic event was associated with horizontal or 
downsloping ST-segment depression. 

A research nurse measured each ischemic event. The 
onset time, offset time and maximum ST-segment de- 
pression was recorded for each event. An ischemic event 
was defined as 1 mm ST-depression compared to base- 
line that occurred for >1 minute. If a given event drift- 
ed toward baseline but did not reach it for 60 seconds, it 
was considered part of the sentinal event. 

The total ischemic time was calculated as sigma (T 
onset — T offset) and reported as min/24 hr. The num- 
ber of events was calculated as sigma (n) where n = 
number of events >1 mm depression for 1 minute. The 
ischemia-magnitude integral was calculated as sigma 
[(T onset — T offset) X (maximum ST-depression)]. 

There has been no precise definition of which of the 
3 parameters represents total ischemic burden. We fa- 
vor total ischemic time as the best measure of total is- 
chemic burden. 

All tapes were read blind as to patient identity, study 
phase and previous Holter monitor results. The stan- 
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dard ambulatory monitoring system and Ischemia Mon- 
itoring Analysis System computer printouts of ST-seg- 
ment depression were used to ensure that the physician 
had identified all potential ischemic events because the 
computer can detect, with a high degree of precision, all 
episodes of ST depression, but with potential false posi- 
tive results. The physician visual overreads were used to 
ensure that all detected events had ischemic ST-seg- 
ment depression, i.e., to ensure specificity. The combi- 
nation of the computer to enhance sensitivity, the physi- 
cian to define specificity and the full disclosure print- 


Total Ischemic Time (min/24 hr) 
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FIGURE 2. Comparison of total ischemic time recorded by 
ambulatory monitoring. TTS-NTG = transdermal nitroglyc- 
erin. 


Number of Events 
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FIGURE 3. Comparison of number of ischemic events record- 
ed by ambulatory monitoring. Abbreviation as in Figure 2. 
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outs was used to enhance the precision of the 
measurements of total ischemic time. 

Data reduction: Data were entered into predefined 
data forms. The data were completed within 2 weeks of 
each patient visit. All analyses were performed on a 
blind basis. The data were entered into an independent 
central computer. All of the data were entered before 
data analysis began and before codes were broken. The 
data set was completed and frozen before the codes 
were broken and no post hoc alteration of data was 
allowed. 

Statistical analysis: Continuous parameters were 
analyzed by Student’s ¢ test, normality of the data sets 
was assumed. Paired analysis was used where appropri- 
ate. Percent differences were assumed to be normally 


Placebo 





FIGURE 4. Comparison of exercise time. Abbreviation as in 
Figure 2. 
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FIGURE 5. Comparison of total ischemic time recorded by 
ambulatory monitoring. 








distributed. Regression analysis was used to compute 
correlations. The Northwest Analytical “STATPAK” 
(a multifunction statistical package for personal com- 
puters) was used for calculation. The data base was 
stored on an IBM-AT computer using Lotus 123. The 
computer statistical routines interfaced directly with the 
computer data base. 


RESULTS 

Demographics: The demographic characteristics of 
the patient set were the following: age, 60.4 + 9.2 years; 
history of myocardial infarction, 44%; and history of di- 
abetes mellitus, 27%. 

Transdermal nitroglycerin: The duration of ische- 
mia decreased by 57% from 140 min/24 hr to 60 min/ 
24 hr (p = 0.0054, Figure 2). The number of events 
decreased by 47% from 10.6 to 5.6 (p = 0.0025, Figure 
3). The exercise time increased by 5.5% from 4.8 to 5.0 
minutes (p = 0.16, Figure 4). 

Nifedipine: The duration of ischemia decreased by 
22% from 175 to 137 min/24 hr (p = 0.16, Figure 5). 
The number of events decreased by 39% from 13.2 to 
8.1 (p = 0.0054, Figure 6). The exercise tolerance time 
increased by 13% from 4.5 to 5.0 (p = 0.0264, Figure 
7). 

Comparison of transdermal nitroglycerin to nifedi- 
pine: The duration of ischemia compared to total exer- 
cise tolerance time is shown in Figure 8. The total ische- 
mia time decreased by 57% (p = 0.0054) with transder- 
mal nitroglycerin, while the exercise tolerance time 
increased by only 5.5% (difference not significant). 
With nifedipine, the total ischemic time decreased by 
22% (difference not significant), while exercise toler- 
ance time increased 13% (p = 0.03). Thus, with 
transdermal nitroglycerin, total ischemic time decreased 
without a significant increase in exercise time while, 
with nifedipine, exercise time increased without a signif- 
icant decrease in total ischemic time. 
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FIGURE 6. Comparison of number of ischemic events record- 
ed by ambulatory monitoring. 





In Figures 9, 10, 11 and 12, we have compared exer- 
cise tolerance time to total ischemic time before and 
after each therapy, using regression analysis. During the 
transdermal nitroglycerin placebo phase, the correlation 
coefficient was 0.01 (Figure%9) but increased to 0.25 
(Figure 10) during therapy. During the nifedipine pla- 
cebo phase, the correlation coefficient was 0.01 (Figure 
11) and was 0.00 (Figure 12) during therapy. 


DISCUSSION 
Dissociation of exercise tolerance and ischemic 
time: Exercise-induced ischemia occurs when oxygen 
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FIGURE 7. Comparison of exercise time. 


p=<0.01 p=0.16 
p=0.15 p=0.02 


Percent Difference 


MB t1s-ntc 
[| _] Nifedipine 


N=20 


Total Ischemic Time Exercise Time 





FIGURE 8. Comparison of total ischemic time decreases and 
exercise time increases. Abbreviation as in Figure 2. 
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FIGURE 9. Comparison of total ischemic 
time to exercise time during placebo phase 
of TTS-NTG (r = 0.01). Total ischemic 
time (min/24 hr) is on the ordinate while 
exercise tolerance time (min) is on abscis- 
sa. Solid points are the predicted values 
and the + signs are the observed values. 


FIGURE 10. Comparison of total ischemic 
time to exercise time during treatment 
phase of transdermal nitroglyceride (r = 
0.25). 


FIGURE 11. Comparison of total ischemic 
time to exercise time during the placebo 
phase of nifedipine (r = 0.01). 





demand is increased out of proportion to fixed supply. 
Total ischemic time measures ischemic episodes induced 
both by increased demand and by decreased flow sec- 
ondary to vasoconstrictive episodes. In patients where 
only demand phenomena induce ischemia, exercise tol- 
erance time should closely correlate with total ischemic 
time. Conversely, where vasoconstrictive episodes are 
responsible for ischemic episodes, exercise time should 
poorly predict total ischemic time. Deanfield et al!® 
have shown in patients with silent myocardial ischemia, 
that exercise induced ischemia and spontaneous events 
occur at independent heart rates; this observation sug- 
gests that in patients with silent myocardial ischemia, 
dissociation of exercise tolerance time and total ische- 
mic time may be quite frequent. 

There have been few direct studies comparing total 
ischemic time and exercise tolerance time in patients 
with known episodes of silent myocardial ischemia. In 
our studies, exercise tolerance time did not predict total 
ischemic time either before or after therapies (Figures 9 
to 12). Our patients were selected because they had 
spontaneous events on Holter monitor and because they 
had ischemic exercise tolerance time on a single tread- 
mill test. It is likely that if patients are selected because 
they had only stable exercise times on multiple sequen- 
tial exercise tests, a criteria frequently used in studies of 
antianginal drugs!’-!° and a criteria likely to select a 
cohort of patients with only fixed stenosis, a different 
relation between exercise tolerance time and total ische- 
mic time would be found. Moreover, if subsets of pa- 
tients are selected with unstable atherosclerotic plaques, 
as measured by either frequency of symptoms or fre- 
quency of events on Holter monitor, even poorer rela- 
tions between total ischemic time and exercise tolerance 
time are likely to be found. Exercise tolerance time 
measures the degree of fixed stenosis; total ischemic 
time measures ischemia induced by both fixed and dy- 
namic stenosis. The 2 measurements will vary, depen- 
dent on the relative mix between the 2 precipitating 
events. 

Mechanism of continuous nitroglycerin: The effica- 
cy of transdermal nitroglycerin has been controversial 
since continuous nitroglycerin does not prolong exercise 
tolerance time in many studies,?°-?? particularly when 
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FIGURE 12. Comparison of total ischemic 
time to exercise time during treatment 
phase of nifedipine (r = 0.00). 
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either given continuously or with other antiischemic 
agents. The current study and other observations have 
shown that long-acting nitrates given continuously, ei- 
ther orally or transcutaneously, decrease the duration 
and number of ischemic events measured by Holter 
monitor or by diary.?:24 

Nifedipine: This study was not designed to assess 
whether nifedipine can decrease total ischemic time be- 
cause a more effective dose would have been used to 
assess potential suppression of total ischemic time. The 
dose of nifedipine was chosen to increase total exercise 
time which was observed (Figure 7). The 22% decrease 
of total ischemic time concomitantly observed in this 
study may indicate that at the dose used, nifedipine’s 
major role was decreasing exercise-induced ischemia. 
Other studies using either larger doses of nifedipine or a 
larger patient cohort show a similar effect on total is- 
chemic time.” These observations point out the critical 
dependence of dose and study design on observed differ- 
ences between antianginal and antiischemic agents. 

implications: The data suggest that protocols de- 
signed to assess antianginal and antiischemic agents 
should pay attention to patient selection, therapeutic 
endpoints, dose and protocol design. For example, pro- 
tocols designed with discontinuous transdermal nitro- 
glycerin, exercise testing and patient selection with only 
exercise-related angina, may lead to different conclu- 
sions compared to protocols designed with continuous 
transdermal nitroglycerin, Holter monitoring and pa- 
tients selected with asymptomatic ischemic events. Also, 
treatment of either symptomatic angina, silent ischemic 
events, unstable vasomotion or exercise-induced ische- 
mia should be treated with agents specific to these 
mechanisms of ischemia, rather than single-dose thera- 
pies based on studies using only exercise tests as an end- 
point. 

Moreover, if the goal of therapy in treatment of an- 
gina symptoms is to totally eliminate ischemia, use of 
exercise tests and anginal diaries alone may not be suffi- 
cient to detect therapeutic response. Holter monitoring 
may be useful to assess total ischemic burden in addi- 
tion to the more traditional exercise testing. There is 
evidence to suggest that multiple ischemic events in ani- 
mal models can lead to progressive myocardial dysfunc- 
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tion and myocardial infarction.?® Patient diaries and 
standard exercise testing may be insufficient means to 
detect progressive ischemia, ventricular dysfunction and 
impending myocardial infarction. 
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Comparison of Dissection Rates 
and Angiographic Results Following 
Directional Coronary Atherectomy 
and Coronary Angioplasty 
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Directional coronary atherectomy is a new percuta- 


neous transluminal technique for treating occlusive 
coronary artery disease. In this study, angiographic 
results (i.e., residual stenosis and angiographic evi- 
dence of postprocedure dissection) after directional 
coronary atherectomy and balloon angioplasty 
were compared. The atherectomy group consisted 
of 91 lesions in 83 consecutive patients who under- 
went either left anterior descending artery or right 
coronary artery atherectomy. The angioplasty 
group consisted of 91 lesions in 84 patients that 
were matched with the atherectomy lesions with 
respect to vessel and whether the lesion was a re- 
stenosis lesion. The mean preprocedure diameter 
stenosis was 76% in both groups as measured 
quantitatively with electronic calipers. After the 
procedure, the mean residual diameter stenosis of 
the atherectomy lesions was 13 + 17%, whereas 
for the angioplasty lesions it was 31 + 18% (p 
<0.001). Success rates in both groups were similar 
(94.5 and 93.4%, respectively). The incidence of 
postprocedure dissection was 11% in the atherec- 
tomy group and 37% in the angioplasty group (p 
<0.0001). Directional coronary atherectomy re- 
sults in significantly improved postprocedure angio- 
graphic appearances due to significantly less 
severe residual stenosis and lower incidence of 
dissection. 

(Am J Cardiol 1990;66:49-53) 
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brupt vessel closure remains one of the major 
A\ inten of balloon angioplasty despite im- 

provement in equipment and operator experi- 
ence. It may result in myocardial infarction or even 
death despite emergency coronary bypass surgery. The 
presence of an angiographically evident intimal tear or 
dissection and more severe postangioplasty residual ste- 
nosis are both associated with increased risk of abrupt 
closure.' In addition, intimal dissection has been shown 
to be the strongest predictor of major complications af- 
ter angioplasty.” 

Directional coronary atherectomy is a new percuta- 
neous technique that has been developed to overcome 
some of the limitations of balloon angioplasty.* By per- 
mitting controlled excision and removal of atheroma- 
tous plaque, it usually results in an angiographically 
smooth surface after the procedure with a low incidence 
of intimal flaps and dissection. In addition, after suc- 
cessful directional coronary atherectomy usually there is 
only minimal residual stenosis.*° Potentially, for suit- 
able lesions, directional coronary atherectomy is a saf- 
er, more predictable procedure than angioplasty. This 
study compares the angiographic results of directional 
coronary atherectomy and balloon angioplasty by evalu- 
ating residual stenosis and the incidence of dissection 
after the procedure in matched patients. 


METHODS 

Patient population: [n this study the results of direc- 
tional coronary atherectomy of 91 consecutive lesions in 
83 patients were compared with the results of balloon 
angioplasty of 91 matched lesions in 84 patients. All the 
lesions were either in the native left anterior descending 
or right coronary arteries. Circumflex artery lesions 
were excluded because with current technology they 
usually are not suitable for atherectomy due to the ar- 
tery’s unfavorable take-off from the left main artery for 
insertion of the current rigid device. Patients who had 
angioplasty or atherectomy of totally occluded vessels or 
for treatment of acute myocardial infarction were ex- 
cluded. 

The coronary atherectomy protocol was approved by 
the Institutional Review Board of Sequoia Hospital. All 
the atherectomy and angioplasty patients signed writ- 
ten, informed consent before the procedure was per- 
formed. 
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Patient selection: The atherectomy group consisted 
of 91 lesions in 83 consecutive patients who underwent 
directional coronary atherectomy of native left anterior 
descending artery or right coronary artery lesions be- 
tween June 1988 and March 1989. 

Due to the rigidity of the current device distal lesions 
are not accessible; therefore, all the lesions were either 
in the proximal or midportions of each vessel. 

The angioplasty group consisted of 91 narrowings 
matched with the atherectomy lesions with respect to 
the artery on which the procedure was performed and 
whether the narrowing was a restenosis lesion or not. 
The lesions also had to be technically suitable for ather- 
ectomy as judged by 2 experienced atherectomy opera- 
tors. The angioplasty population for this study was ran- 
domly selected from patients who underwent angio- 
plasty in 1985, 1986 and 1987 because directional 
coronary atherectomy became available in 1988. 

Between 1985 and 1987, 924 left anterior descend- 
ing and right coronary angioplasties were performed 
at Sequoia Hospital. The films of 123 potentially suit- 
able lesions in 116 patients were randomly selected and 
reviewed. Thirty-two lesions (in 32 patients) were ex- 
cluded. 

Two films were excluded because they were unsuit- 
able for angiographic analysis. Thirty narrowings were 
excluded because they were technically unsuitable for 
atherectomy. The 8 reasons for exclusion were: (1) le- 
sions on a bend in 8 cases (in 2 cases in conjunction 
with calcium); (2) vessel too tortuous or presence of a 
marked bend just proximal or distal to the lesion in 8; 
(3) presence of a large branch artery arising out of the 
lesion that would require protection, dilatation, or both, 
in 5; (4) vessel or lesion, or both, heavily calcified in 3; 
(5) vessel too diffusely diseased in 2; (6) vessel judged 
too small for the atherectomy device in 2; (7) coexisting 
severe distal narrowing in 1; and (8) presence of a left 
main coronary artery lesion present in conjunction with 
a left anterior descending artery lesion in 1. Therefore, 
the angioplasty group consisted of 91 lesions in 84 pa- 
tients. 

Angioplasty procedure: Angioplasty was performed 
in the standard manner using 8 or 9Fr guiding cathe- 
ters. 

Atherectomy procedure: The technique and details 
of the atherectomy catheter have been described else- 
where.*® The atherectomy catheter (Simpson Athero- 
Cath™, Devices for Vascular Intervention) is shown in 
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Figure 1. It consists of a cylindrical housing with a lon- 
gitudinal opening (the window). Inside the housing is an 
enclosed cup-shaped cutter that spins at 2,000 rpm, and, 
as it is advanced, it cuts the atheroma protruding 
through the window; the atheroma is then collected in 
the nosecone of the device. A balloon is attached to the 
housing opposite the window, and inflating this initially 
to 20 to 30 pounds/square inch, and sometimes as high 
as to 60 to 70 pounds/square inch, ensures that the 
catheter sits snugly against the atheroma and causes the 
atheroma to protrude into the window. The catheter 
shaft contains a drive cable that connects the cutter to a 
battery powered motor drive unit. In addition, a 0.014- 
inch guidewire (High Torque Floppy™, Advanced Car- 
diovascular Systems) also runs through the catheter 
shaft inside the drive cable, through the center of the 
cutter and then through the nosecone and out the distal 
end of the catheter. 

After preliminary angiography a specially designed 
11Fr guiding catheter was advanced into the coronary 
ostium. Then the guidewire was advanced down the ar- 
tery and an appropriately sized atherectomy device was 
advanced down and positioned across the lesion. Cuts 
were made as often as necessary to achieve a satisfacto- 
ry angiographic result. At the end of the procedure all 
the catheters were removed. 

Medications: All the atherectomy and angioplasty 
patients were medicated with calcium antagonists and 
aspirin (80 or 325 mg/day orally). During the proce- 
dures 10,000 U of intravenous heparin were given ini- 
tially and then a further 3,000 U/hour. Atherectomy 
patients who had their procedures done in the morning 
were not given any more heparin after the procedure 
was completed and had their sheaths removed after 3 
to 4 hours. The atherectomy patients who had their pro- 
cedures done in the afternoon and all the angioplasty 
patients began receiving intravenous heparin and nitro- 
glycerin infusions at the end of the procedure and 
these were continued until the next morning, when the 
sheaths were removed. 

Angiographic analysis: Analysis was performed us- 
ing electronic calipers. Films were reviewed by 2 experi- 
enced angiographers unaware of the clinical outcome. 
The view analyzed was that in which the lesion was 
most severe before the procedure and analysis after the 
procedure was performed in the same view. 

Dissection was defined as the presence of angio- 
graphically evident intimal damage producing either an 








TABLE I Preprocedure Clinical Characteristics of 
Atherectomy and Angioplasty Groups 


Variable Atherectomy Angioplasty pValue 


No. of narrowings 

No. pts 

% male 

Patient age (yrs) 

Unstable angina (%) 

Restenosis lesions (%)* 

No. of previous 
angioplasties /lesion 


* Matched lesion characteristics 


NS = not significant. 


TABLE Il Preprocedure Angiographic Characteristics of 
Atherectomy and Angioplasty Groups 


Variable Atherectomy Angioplasty p Value 


No. of lesions 
Narrowing site: 
Left anterior 
descending artery* 
Right coronary 29 
artery* 
Ostial (%) 
Proximal (%) 
Midportion (%) 
Narrowing morphology: 
Eccentricity (%) 46 
Calcium (%) 20 
Lesion /diameter ratio 2.3+1.6 
Diameter stenosis (%) 76+12 


* Matched lesion characteristics. 


NS = not significant. 


10(11) 
43 (47) 
38 (42) 


7611 NS 


. . . 


TABLE Ill Postprocedure Angiographic Comparison 
Between Atherectomy and Angioplasty Groups 


Atherectomy 
Lesions 


Angioplasty 
Lesions 


Variable p Value 


Success rate (%) 94.5 93.4 
Residual diameter 13417 31+18 
stenosis (%) 
Dissection (%) 
All 
Major 
Minor 
Intimal “flap” 
Side branch occlusion 


NS = not significant. 





intraluminal filling defect, extraluminal extravasation of 
contrast material, linear luminal density or luminal 
staining.’ If there was evidence of contrast staining at 
the procedure site or if the area of intimal damage occu- 
pied >50% of the lumen diameter, then the dissection 
was described as major. If these criteria were not ful- 
filled, the dissection was described as minor. If a linear 
intraluminal filling defect was present, this was de- 
scribed as an intimal flap. 

Eccentricity was defined as the stenotic lumen lying 
within half of the supposedly normal lumen in at least 1 
projection. Lesion length was measured with calipers, 
with the length of the lesion judged visually as being at 
least 25% stenosed in severity. The degree of relative 
lesion length was expressed as the length-diameter ratio, 


which was defined as the lesion length divided by the 
diameter of the adjacent normal vessel. 

Data collection: Clinical and angiographic data were 
collected and entered in a computer data bank. The fol- 
lowing information was collected: patient age and gen- 
der, presence of unstable angina (defined as pain at rest, 
prolonged pain lasting >20 minutes or unrelieved by ni- 
troglycerin or worsening of angina status over the pre- 
ceding 4 weeks), number of previous angioplasties of the 
lesion treated, percent diameter stenosis before proce- 
dure, percent diameter stenosis after procedure, pres- 
ence of intimal flap or dissection after procedure, pres- 
ence of lesion eccentricity or calcification and the ratio 
of lesion length to diameter of the normal part of the 
vessel. 

Definitions of acute closure and success: Acute clo- 
sure was defined as clinical or electrocardiographic evi- 
dence of myocardial ischemia or critical reduction, or 
both, in blood flow in the vessel being treated leading to 
either emergency repeat cardiac catheterization, angio- 
plasty, atherectomy, immediate coronary artery bypass 
surgery or myocardial infarction.! 

Success was defined as <50% residual diameter ste- 
nosis and >20% reduction in diameter stenosis without 
abrupt closure or need for coronary artery surgery. 

Statistical analysis: Chi-square testing was used to 
assess differences in discrete variables. Continuous vari- 
ables were compared between groups by the Student t 
test. A p value <0.05 was considered significant. Con- 
tinuous variables were expressed as mean + standard 
deviation. 


RESULTS 

Preprocedure comparison of atherectomy and angi- 
oplasty groups: The clinical and angiographic features 
of both groups are summarized in Tables I and II, re- 
spectively. There was no significant difference between 
the 2 groups with respect to patient gender or age, the 
presence of unstable angina or whether the lesion was a 
restenosis lesion or not. The atherectomy patients, on 
average, had had a larger number of previous angio- 
plasties (1.28) than had the angioplasty patients (0.74). 

There was no significant difference between the 2 
groups with respect to lesion site, eccentricity or cal- 
cification or in preprocedure lesion severity. The lesions 
in the atherectomy group were, however, significantly 
longer than those in the angioplasty group as reflected 
by the lesion length/vessel diameter ratio. 

Results of postprocedure angiographic comparison: 
Angiographic outcomes after the procedures are sum- 
marized in Table III. The mean residual diameter ste- 
nosis of all the attempted lesions in the atherectomy pa- 
tients was significantly lower (13 vs 31%) than that of 
the angioplasty patients. The distribution of residual 
percent diameter stenoses in both groups is shown in 
Figure 2. In the atherectomy group 84.6% of lesions had 
a residual stenosis <20% compared with only 33.0% of 
the angioplasty lesions. The success rates were similar in 
the 2 groups, however (94.5 and 93.4%, respectively). 
Predilatation with an angioplasty catheter to cross the 
lesion with an atherectomy catheter was required in 
5.5% of lesions. Postprocedure dissection was signifi- 
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cantly more common in the angiograms of the angio- 
plasty patients than in the atherectomy patients (37 vs 
11%). Minor dissection was significantly more common 
in the angioplasty group. Major dissection was also 
more common in this group, but the difference did not 
reach statistical significance. 

Abrupt closure and emergency coronary artery sur- 
gery: There was no significant difference in the inci- 
dence of abrupt closure (2.2% of atherectomy and 4.4% 
of angioplasty lesions) or need for emergency surgery 
(2.2 and 4.4%, respectively) between the 2 groups. 


DISCUSSION 

Directional coronary atherectomy was developed to 
provide a safer and more predictable method of treating 
obstructive coronary artery disease percutaneously. Be- 
cause it allows controlled plaque excision and removal, 
angiographically it leaves a large residual lumen with a 
low incidence of dissection.*° 

Abrupt closure is one of the major limitations of an- 
gioplasty and occurs in up to 4 or 5% of patients.!-2?-10 
The major mechanism of angioplasty is plaque disrup- 
tion and intimal splitting.'!! This accounts for the fre- 
quent detection of angiographic evidence of dissection 
after angioplasty that has been reported in up to 29% of 
patients.* Dissection is associated with abrupt vessel clo- 
sure and adverse outcome after angioplasty. Of patients 
in the Emory series who had dissection, 10.4% devel- 
oped major complications, whereas only 1.6% of pa- 
tients without dissection developed major complica- 
tions.” In the National Heart, Lung, and Blood Institute 
series, major complications developed in 30% of the pa- 
tients with dissections.’ Preprocedure risk factors are 
generally less important predictors of major complica- 
tions than the presence of postprocedure dissection. Dis- 
section and postprocedure residual stenosis are both pre- 


FIGURE 2. Residual diameter stenoses 
after atherectomy and angioplasty. 


Number of Lesions 


< 0% 
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dictors of abrupt closure.! If dissection is present, then 
more severe residual stenosis increases the risk of isch- 
emic complications.!? Thus, reduction in the incidence 
of postprocedure dissection and less severe residual ste- 
nosis potentially may reduce the frequency of signifi- 
cant complications. 

In this study we have shown that for narrowings in 
the proximal and midportions of the left anterior de- 
scending and right coronary arteries, directional coro- 
nary atherectomy results in a lower mean diameter ste- 
nosis after the procedure (13 vs 37%) and after the pro- 
cedure dissection is significantly less frequent (11 vs 
37%), suggesting that for these lesions directional coro- 
nary atherectomy may be a safer and more predictable 
technique than angioplasty and may result in fewer ma- 
jor complications. If atherectomy is found to be associ- 
ated with enhanced safety, this would have important 
implications for certain lesions, particularly ostial left 
anterior descending artery lesions, where dissection may 
spread proximally into the left main coronary artery, 
causing major complications and other proximal lesions 
in large arteries where abrupt closure is particularly un- 
desirable because of potentially significant hemodynam- 
ic consequences. 

This study has several limitations. It is retrospective. 
In addition, the angiographic analysis was not blinded 
because differences in size between atherectomy and 
angioplasty guiding catheters make blinding technically 
impossible. The number of lesions in the study was rela- 
tively small. Due to the relatively low incidence of 
abrupt closure and major complications, larger numbers 
will be required to further compare the incidence of 
these complications. Finally, due to the limitations of 
the current atherectomy device, the study population is 
a selected one. In the future, it will be necessary to con- 
duct a prospective, randomized controlled trial to fur- 


E Atherectomy lesions 
C] Angioplasty lesions 


1-10% 11-20% 21-30% 31-40% 41-50% 51-60% 61-70% 271% 


Residual Diameter Stenosis 








ther compare the angiographic results, safety and effi- 
cacy of directional coronary atherectomy with balloon 
angioplasty. 
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Effects of Exercise on the Signal-Averaged 
Electrocardiogram in Coronary Artery Disease 
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The effects of exercise on the signal-averaged 
electrocardiogram (SAECG) were investigated in 
52 patients with stable coronary artery disease. 
The SAECG was recorded before and immediately 
after the exercise test and analyzed at 25 to 250 
Hz and 40 to 250 Hz. All patients had SAECG with 
noise level <0.8 4V at 25 Hz and <0.6 ¿V at 40 Hz 
and with the difference in noise level between con- 
trol SAECGs and SAECGs after exercise <0.2 to 
0.3 4V. Twenty-eight patients developed ST 
changes consistent with transient subendocardial 
ischemia that persisted during the SAECG record- 
ing after exercise. There was no significant differ- 
ence between control SAECGs and SAECGs after 
exercise in patients with or without a positive exer- 
cise test. The absence of significant change on the 
SAECG was not related to the presence or absence 
of prior myocardial infarction, site of infarction, de- 
velopment of exercise-induced ventricular arrhyth- 
mias or presence of an abnormal recording at base- 
line. These data suggest that exercise-induced elec- 
trophysiologic changes and ventricular arrhythmias 
may not be related to the anatomic-electrophysio- 
logic substrate that underlies late potentials on 
the SAECG. 

(Am J Cardiol 1990;66:54-58) 
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gram (SAECG) were found to correlate with 

spontaneous and induced ventricular tachycardia 
in patients with coronary artery disease and prior myo- 
cardial infarction.!-> Late potentials seem to reflect a 
fixed anatomic-electrophysiologic substrate for reen- 
trant tachyarrhythmias.° Although late potentials devel- 
op early in the course of experimental acute myocardial 
infarction,’ their appearance during transient myocardi- 
al ischemia in humans is not well investigated. Because 
ventricular tachyarrhythmias could occur during the 
course of transient myocardial ischemia, such an inves- 
tigation could provide some insight into the electrophys- 
iologic mechanisms involved. In the present report we 
prospectively investigated the effect of exercise-induced 
transient ischemic ST changes on the SAECG in a sta- 
ble group of patients with coronary artery disease. 


| ate potentials on the signal-averaged electrocardio- 


METHODS 

Study group: We studied patients with documented 
coronary artery disease who were referred to the ex- 
ercise laboratory between June 1988 and July 1989 
to evaluate clinically stable chest pain or discomfort 
caused by exertion and relieved by rest. Coronary artery 
disease was documented by evidence of prior myocardi- 
al infarction, based on clinical, electrocardiographic 
and serum creatine-MB enzyme changes, coronary an- 
giography or a combination of these. Patients were in- 
cluded in the study if: (1) they were >3 weeks after 
myocardial infarction; (2) the 12-lead electrocardio- 
gram (ECG) showed no bundle branch block, nonspe- 
cific ST-T changes at rest, a QRS duration <120 ms 
and a corrected QT interval <0.44 second; (3) there 
was no recent evidence of electrolyte imbalance, inter- 
vention with antiarrhythmic or -adrenergic blocking 
drugs; and (4) patient gave informed consent to the 
study protocol. Sixty-seven patients fulfilled the inclu- 
sion criteria. 

Study protocol: The study protocol consisted of a 
baseline 12-lead ECG and SAECG, followed by a 
treadmill exercise test, and another SAECG immediate- 
ly (beginning within 1 minute) after exercise. The exer- 
cise test was performed on either a Marquette CASE 
12 or a Quinton 2000 treadmill exercise system. The 
exercise protocol used was either Bruce or modified 
Bruce, depending on the patient’s predicted exercise tol- 
erance. The endpoint of the test was age-adjusted target 
heart rate, fatigue, dyspnea or chest pain. A test was 
considered positive when downsloping or horizontal ST- 
segment depression was 20.1 mV, measured between 
60 and 80 ms after the J point.® 


i; 





The SAECG was recorded with the Arrhythmia Re- 
search Technology 1200EPX system, using Simson’s 
methods.' The electrodes, positioned in standard bipolar 
X, Y and Z lead configuration, were the same for both 
recordings. Approximately 200 beats were averaged to 
obtain satisfactory noise reduction. The X, Y and Z sig- 
nals were amplified, averaged and bandpass filtered at 
25 to 250 Hz and 40 to 250 Hz. The filtered leads were 
combined into a vector magnitude ,/X* + Y? + Z? and 
analyzed using HRPLOT software for the QRS dura- 
tion, low amplitude signals <40 uV of the terminal 
QRS (LAS40) and root mean square voltage of the last 
40 ms of the QRS (RMS40). Late potentials were de- 
fined as having RMS40 <25 uV at 25 Hz and <16 uV 
at 40 Hz.? 

Statistical analysis: Of the 67 patients who fulfilled 
the inclusion criteria, 15 were excluded from analysis 
because of: (1) unsatisfactory noise level of either base- 
line or SAECG after exercise (8 patients); (2) the dif- 
ference in noise level between the 2 SAECGs was >0.3 
uV at 25 Hz or >0.2 uV at 40 Hz (2 patients); or (3) 
the patient failed to achieve 90% of the target heart rate 
during a negative exercise test (5 patients). 

Of the remaining 52 patients 15 had anterior wall 
myocardial infarction, 20 had inferior wall myocardial 
infarction and 1 had non-Q-wave myocardial infarction. 
The 52 patients were divided into 4 subgroups based on: 
(1) outcome of the exercise test (positive vs negative 
test); (2) history of myocardial infarction (myocardial 
infarction vs no myocardial infarction); (3) location of 
myocardial infarction (anterior vs inferior); and (4) ex- 
ercise-induced ventricular arrhythmias (arrhythmias vs 
no arrhythmias). The arrhythmic response was defined 
as 24-fold increase in ventricular premature contrac- 
tions compared to baseline, development of couplets or 
ventricular tachycardia (23 successive beats at a rate 
2100 beats/min) or both. A 15-minute ECG recording 
before start of exercise test was analyzed for base- 
line arrhythmias and was compared with the first 15 
minutes after the onset of the exercise test. The paired t 
test was performed to find significant changes on the 
SAECG before and after the exercise test for each 
group. Unpaired ¢ test or chi-square (2 X 2) analysis 
was used where appropriate to find significant differ- 
ences on the SAECG between groups for each sub- 
group. A p value <0.05 was considered statistically sig- 
nificant. Continuous variables are expressed as mean + 
standard deviation. 


RESULTS 

Table I summarizes the clinical characteristics of pa- 
tients in the 4 subgroups. A positive exercise test was 
seen in 28 patients and a negative test in 24 (subgroup 
1). There was no statistically significant difference be- 
tween the 2 groups in age, previous myocardial infarc- 
tion, ejection fraction or exercise-induced ventricular ar- 
rhythmias. Similarly there was no statistically signifi- 
cant difference when the study group was classified 
according to the presence (36) or absence (10) of prior 
myocardial infarction (subgroup 2), or the presence of 
anterior myocardial infarction (15) versus inferior myo- 
cardial infarction (20) (subgroup 3). The arrhythmic 


TABLE I Clinical Characteristics of 52 Patients with 
Coronary Artery Disease Subgrouped According to Results of 
Exercise Test, Prior MI, Site of MI and Exercise-Induced 
Ventricular Arrhythmias 


Subgroup 1: positive vs negative exercise test 
Positive Negative 
(n= 28) (n= 24) 
Age 63+7 
Ejection fraction 
Mean + SD 
240% 
<40% 
Prior Ml 
Ventricular arrhythmias 
Subgroup 2: prior MI 
Positive Negative 
(n= 36) (n= 16) 
Age 62+8 63+8 
Ejection fraction 
Mean + SD 54412 
240% 34 
<40% 2 
Ventricular arrhythmias 6 
Positive exercise test 19 
Subgroup 3: anterior vs inferior wall MI 
Anterior 
(n= 15) 
Age 62+7 
Ejection fraction 
Mean + SD 59412 
240% 15 
<40% 0 
Ventricular arrhythmias 2 
Positive exercise test 8 
Subgroup 4: exercise-induced VAs 


49+19 


Age 

Ejection fraction 
Mean + SD 
>40% 
<40% 

Prior MI 

Positive exercise test 


* p <0.0161; no values between groups were statistically significant except as 
noted. 
MI = myocardial infarction; SD = standard deviation; VA = ventricular arrhythmia. 





response to the exercise test was analyzed in 44 of the 
52 patients (subgroup 4). At baseline 15 patients had an 
average of <10 ventricular premature contractions/ 
hour, 3 patients had 210 ventricular premature con- 
tractions/hour and no patient had couplets or ventric- 
ular tachycardia. Seven of these 18 patients had an 
aggravation of baseline arrhythmias during exercise. 
Three more patients who had no ventricular arrhyth- 
mias at baseline developed nonsustained ventricular 
tachycardia during exercise. Thus, a total of 10 patients 
developed significant arrhythmic response. There was 
no significant difference in age, prior myocardial infarc- 
tion or positive exercise test between these patients and 
the 34 patients who failed to develop an arrhythmic re- 
sponse. However, the mean ejection fraction was signifi- 
cantly lower in patients who had an arrhythmic re- 
sponse. 

Table II summarizes the effects of the exercise test 
on the SAECG in each of the 4 subgroups. There was 
no significant difference in any of the SAECG parame- 
ters analyzed at 40 to 250 Hz between recordings at 
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TABLE Il Signal-Averaged ECG Parameters Before and Immediately After Exercise Testing in 52 Patients with Coronary Artery 


Disease 


Subgroup 1 Subgroup 2 


no MI 
(n= 16) 


Pos EX 
(n = 28) 


Neg EX MI 
(n=24) pValue (n=36) 


25-250 Hz 
QRS-BL (ms) 
QRS-EX (ms) 
A(ms) 

p value 


LAS-BL (ms) 
LAS-EX (ms) 
A(ms) 
p value 


RMS-BL (uV) 
RMS-EX (uV) 
A (uV) 


p value 


40-250 Hz 
QRS-BL (ms) 
QRS-EX (ms) 
A (ms) 

p value 


LAS-BL (ms) 
LAS-EX (ms) 
A (ms) 
p value 


RMS-BL (uV) 
RMS-EX (uV) 
A (uV) 


p value 


p Value 


Subgroup 3 Subgroup 4 


no VA 
(n = 34) 


Inf MI VA 
(n=20) pValue (n=10) 


Ant MI 
(n= 15) 


Ant = anterior: BL = baseline; EX = post-exercise; Inf = inferior; LAS = low amplitude signal <40 „V of the terminal filtered QRS; MI = myocardial infarction; Neg = negative; NS = 
not statistically significant; Pos = positive; QRS = filtered QRS duration; RMS = root mean square voltage of the last 40ms of the filtered QRS; VA = exercise-induced ventricular ar- 


rhythmias. 


baseline and after exercise in all 4 subgroups. Specifi- 
cally, there was no significant change on the SAECG 
associated with a positive exercise test. In 26 of 28 pa- 
tients who had a positive exercise test, significant ST 
depression was maintained during the period of record- 
ing the SAECG after exercise. Figure 1 shows the re- 
cordings in 1 of these patients. When the SAECG was 
analyzed at 25 to 250 Hz there was a tendency for the 
QRS duration and LAS40 to shorten slightly and for 
the RMS40 amplitude to increase after exercise. These 
changes were statistically significant in 8 of 24 determi- 
nations. However, the changes were not related to the 
presence or absence of a positive exercise test, prior 
myocardial infarction, site of myocardial infarction or 
exercise-induced ventricular arrhythmias. 

Seven patients (13%) had late potentials at baseline 
SAECG. Three patients continued to have late poten- 
tials after exercise while 4 patients lost them, all due to 
an increase of RMS40 at 25 to 250 Hz. Two patients 
developed late potentials only on the SAECG after ex- 
ercise due to slight decrease in RMS40 at 25 to 250 Hz. 
Visual inspection of SAECG at baseline and after exer- 
cise in all patients revealed only slight changes in termi- 
nal QRS morphology. 


DISCUSSION 
Late potentials on the SAECG develop relatively 
early in the course of experimental acute myocardial 
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infarction.’ However, electrophysiologic changes associ- 
ated with transient myocardial ischemia in the clinical 
setting are not well defined. In the present study, exer- 
cise-induced transient subendocardial ischemia was not 
associated with significant changes on the SAECG and 
specifically did not result in the development of late po- 
tentials. The lack of significant changes on the SAECG 
after exercise was unrelated to the presence or absence 
of prior myocardial infarction, site of myocardial infarc- 
tion, the development of significant ventricular arrhyth- 
mias during exercise or the presence of an abnormal 
recording at baseline. These results should be evaluated 
with a view of possible technical and electrophysiologic 
limitations of the study. 

The time-domain SAECG is sensitive to the noise 
level!” and the high-pass filter setting.? Optimal noise 
reduction may be difficult to achieve when recording 
the SAECG in the period immediately after exercise in 
some patients. Further, significant differences in noise 
level between baseline and SAECGs after exercise may 
preclude valid comparison between the recordings. In 
the present study SAECGs were included in the analy- 
sis only if the noise level was <0.8 „uV at 25 Hz and 
<0.6 uV at 40 Hz and the difference in the noise level 
between baseline and SAECG after exercise was <0.3 
uV at 25 Hz and <0.2 nV at 40 Hz. We have recently 
shown that the noise level of the SAECG undergoes sig- 
nificant attenuation as the high pass filter setting is in- 
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creased from 10 to 100 Hz with most of the reduction 
observed between 20 to 25 Hz and 40 Hz.° Our findings 
of slight, and sometimes statistically significant, de- 
crease of the QRS and LAS40 durations and an in- 
crease of the amplitude of RMS40 on the SAECG after 
exercise at 25 Hz but not at 40 Hz may be related to 
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differences in the noise level at the 2 high-pass filter 
settings. There have been conflicting reports as to QRS 
duration changes during exercise,!!-!? with most investi- 
gators reporting no significant change.!2 

The sensitivity and specificity of the exercise test for 
the diagnosis of transient subendocardial ischemia are 
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FIGURE 1. Standard and signal-averaged electrocardiogram (SAECG) in a patient with 
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artery disease at baseline (top 


coronary 
left) and immediately after exercise test (top right). The SAECG was analyzed at 25 to 250 Hz (middle) and 40 to 250 Hz 


(bottom). Note 


exercise-induced ST changes in both standard and SAECG leads. This was not associated with signifi- 


significant 
cant changes in the SAECG. LAS = duration of low amplitude signals <40 4V; QRSD = duration of filtered QRS; RMS = root 
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by no means absolute. However, the possibility that 
some of the patients were misclassified regarding 
the occurrence of transient ischemia would not have 
changed our results. 

A significant limitation of the present study is the 
fact that the SAECG was recorded immediately after 
the completion of the exercise test rather than during it 
and that recordings during peak ischemic changes may 
not have been evaluated. Several studies have demon- 
strated that exercise-associated changes persist for sev- 
eral minutes after cessation of exercise. These include 
exercise-induced echocardiographic changes!? as well as 
changes in body surface potential maps.!? These investi- 
gators concluded that sampling in the early recovery pe- 
riod should be expected to be clinically relevant.'* The 
majority of our patients with positive exercise tests 
maintained significant ischemic ST changes during the 
recording of the SAECG after exercise (Figure 1). 

The findings in the present report are similar to the 
results of a recent study by Turitto et al.'* In this study 
transient myocardial ischemia was induced by dipyrida- 
mole infusion in patients with coronary artery disease. 
There was no significant change on the SAECG both in 
patients who developed either significant ST depression 
or ST elevation. 

It could be argued that ischemia-induced myocardial 
conduction abnormalities are dynamic in nature, either 
because of a Wenckebach-like conduction pattern® or 
simply because of rapidly developing and regressing 
conduction delay. This could not be detected by the 
SAECG, which requires that the signal remain stable 
during the recording period. It is also possible that the 
duration (measured in minutes) or the degree of exer- 
cise-induced transient ischemia is not sufficient to in- 
duce significant myocardial conduction changes that 
could be detected as late potentials on the SAECG. 
Further, electrophysiologic changes associated with 
transient subendocardial ischemia may be different 
from those associated with transmural ischemia. How- 
ever, significant ventricular arrhythmias are known to 
occur during exercise-induced transient subendocardial 
ischemia as well as during spontaneous transient isch- 
emia of similar duration and apparently similar degree. 
The failure of late potentials to develop on the SAECG 
during transient ischemia associated with significant 
ventricular arrhythmias suggests that the anatomic- 
electrophysiologic substrate of late potentials is not an 
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essential requirement for these arrhythmias. Possible 
electrophysiologic mechanisms of ischemia-related ven- 
tricular arrhythmias include reentrant excitation and fo- 
cal pacemaker discharge due to abnormal automaticity 
or triggered activity.® It is possible that the latter mech- 
anism may explain some exercise-induced ventricular 
arrhythmias, especially in the absence of significant 
changes on the SAECG. 
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The frequency of ventricular premature complexes 
and the degree of impairment of left ventricular 
ejection fraction are major predictors of cardiac 
mortality and sudden death in the year after acute 
myocardial infarction. Recent studies have impli- 
cated psychosocial factors, including depression, 
the interaction of social isolation and life stress, 
and type A-B behavior pattern, as predictors of 
cardiac events, controlling for known parameters of 
disease severity. However, results tend not to be 
consistent and are sometimes contradictory. 

The present investigation was designed to test 
the predictive association between biobehavioral 
factors and clinical cardiac events. This evaluation 
occurred in the context of a prospective clinical tri- 
al, the Cardiac Arrhythmia Pilot Study (CAPS). 
Five-hundred two patients were recruited with 210 
ventricular premature complexes/hour or 25 epi- 
sodes of nonsustained ventricular tachycardia, re- 
corded 6 to 60 days after a myocardial infarction. 
Baseline behavioral studies, conducted in approxi- 
mately 66% of patients, included psychosocial 
questionnaires of anxiety, depression, social desir- 
ability and support, and type A-B behavior pattern. 
in addition, blood pressure and pulse rate reactivity 
to a portable videogame was assessed. The pri- 
mary outcome was scored on the basis of mortality 
or cardiac arrest. Results indicated that the type B 
behavior pattern, higher levels of depression and 
lower pulse rate reactivity to challenge were signifi- 
cant risk factors for death or cardiac arrest, after 
adjusting statistically for a set of known clinical 
predictors of disease severity. The implication of 
these results for future research relating behavioral 
factors to cardiac endpoints is discussed. 

(Am J Cardiol 1990;66:59-62) 
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disease have been related to increased all-cause 

mortality and sudden cardiac death after a myo- 
cardial infarction. Such variables include high rates of 
ventricular premature depolarizations (2=10/hour on 
ambulatory electrocardiographic recordings)! and im- 
paired left ventricular ejection fraction (e.g., <40%).!4 
Recent studies also have related psychosocial variables 
to all-cause mortality or sudden cardiac death.>-? These 
include the interaction of social isolation and major life 
stress in a postmyocardial infarction population,’ and 
depression in patients undergoing electrophysiologic 
stimulation studies® or coronary catheterization.’ 

Among the biobehavioral predictors of coronary 
events, the most attention and controversy have focused 
on the type A-B behavior pattern. The type A behavior 
pattern is characterized by a hard driving, work-in- 
volved personality, with a high potential for hostility. 
Type B behavior pattern is characterized by the relative 
absence of these response styles. Type A appears to be 
predictive of a future myocardial infarction or the de- 
gree of coronary atherosclerosis, documented angio- 
graphically, when A-B status is measured in asymptom- 
atic and younger samples and when the scale measures 
the hostility component.!°-!3 Results have been largely 
unsubstantiated or even contradicted when type A is as- 
sessed in symptomatic samples.*!+!> A recent study, 
however, observed that type A was important in the pre- 
diction of sudden death in a postmyocardial infarction 
sample.’ 

The present study was designed to contribute to the 
evaluation of biobehavioral predictors of clinical cardiac 
events by using a relatively homogenous, symptomatic 
population and sophisticated methods of assessing sever- 
ity of disease, and by including a baseline assessment of 
cardiovascular reactivity to psychological challenge as a 
predictor. This evaluation occurred in the context of a 
multicenter, randomized clinical trial of antiarrhythmic 
medications sponsored by the National Heart, Lung, 
and Blood Institute, the Cardiac Arrhythmia Pilot 
Study (CAPS).!6!7 


S everal clinical estimates of severity of coronary 


METHODS 

Protocol and patients: Five-hundred two patients 
were enrolled in CAPS. Major criteria for participation 
in the trial were a myocardial infarction within 6 to 60 
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TABLE I Clinical Variables Associated with Mortality or 
Cardiac Arrest 


Univariate Multivariate 
Significance Significance 


(p Value) (p Value) 95% CI* 


(1.17, 2.82) 


Variable 


Baseline left ventricular 0.001 
ejection fraction 

Myocardial infarction before 
qualifying event 

No use of 8 blockers 

Use of digitalis 

Presence of transmurality in 
qualifying myocardial 
infarction 

Presence of 3 to9 
consecutive ventricular 
premature complexes 
on baseline electrocardiogram 


0.001 (0.37, 0.80) 


(1.31, 4.02) 


* Approximate 95% CI for the relative risk (expected volume [a X [8 + 2 X SD [8]]) 
where a = 1 for the dichotomous variables history of myocardial infarction and use of 
8 blockers, and a = 0.13 (1 SD for baseline left ventricular ejection fraction). 

Cl = confidence interval; SD = standard deviation. 


TABLE Il Descriptive Baseline Statistics for Psychosocial and 
Stress Reactivity Variables by Status at 1 Year Follow-Up 


Survivors Nonsurvivors or CA 


Mean + SD No. 


Variable Mean + SD 


176.75 + 39.86 
8.13 +6.18 


317 
324 


160.81 + 40.79 
12.15 + 8.70 


Bortner type A-B 
Beck depression 
Spielberger 

Trait anger 

Trait anxiety 

State anxiety 
Diastolic BP reactivity 
Systolic BP reactivity 
Pulse rate reactivity 
Marlowe-Crowne social 

desirability 
Profile of mood states 
Social support 


20.22 + 9.89 
39.52 + 10.81 
36.07 + 11.18 
9.57 + 10.30 
12.02 + 10.86 
4.00 + 5.82 
21.11 +6.40 


19:51 +7.18 
38.83 + 7.98 
35.65 + 10.84 
11.16 + 10.05 
15.46 11.57 310 
763247.11 309 
19.664+5.97 321 


319 
320 
324 
310 


13.16431.52 322 17.62+40.31 
22:83243.21 324 23.3022.55 


BP = blood pressure; CA = cardiac arrest; SD = standard deviation. 





days before enrollment with a baseline 24-hour Holter 
monitor documenting 210 ventricular premature com- 
plexes/hour or 25 episodes of unsustained ventricular 
tachycardia (i.e., 3 to 9 consecutive ventricular prema- 
ture complexes at a rate of 2100 beats/min). Patients 
were younger than 75 years and were required to have 
left ventricular ejection fractions >20%.'® To complete 
the psychologic questionnaires, patients had to be liter- 
ate in English (n = 353). To participate in the reactivity 
challenge tasks, adequate eyesight and dominant hand 
mobility were required (n = 341). Data on both compo- 
nents were obtained at baseline on 265 patients; attri- 
tion was due primarily to French and Spanish speaking 
patients for the former, and English speaking patients 
with eye or hand problems for the latter case. 
Psychosocial questionnaires: The following mea- 
sures were collected at baseline and used as predictor 
variables: (1) the State-Trait Anxiety Inventory,'® 
which assessed how anxious patients felt at a particular 
time, as well as their overall anxiety levels; (2) the Beck 
Depression Inventory,'? which measured the extent of 
depressive symptoms endorsed by patients; (3) the 
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Bortner Type A-B Scale, which assessed the time- 
pressured and hard-driving components of the behavior 
pattern; (4) the Anger Expression Scale,?! which mea- 
sured tendencies for anger expression toward others, self 
and overall; (5) the Marlowe-Crowne Scale, which 
measured social desirability and conventionality?; (6) 
the Profile of Mood States, which assessed affect across 
multiple dimensions”; and (7) a measure of social sup- 
port. Additional information on these instruments for 
the CAPS sample is summarized elsewhere.!® 

Stress reactivity: A portable videogame was used to 
pose a psychological or competitive challenge to patients 
while in the hospital. Blood pressure and pulse rate were 
monitored with a digital sphygmomanometer (Sears 
model 2130). The digital device recorded blood pressure 
and pulse rate levels at rest and during psychological 
challenge. The reliability and validity of this instrument 
have been established with respect to analogous, nonin- 
vasive blood pressure and pulse rate recordings by 
means of a polygraph in a nondiseased sample (coeffi- 
cients of interrater reliability ranged from 0.93 to 0.96 
during videogame challenge).** Further information on 
the stress reactivity task is presented elsewhere.!°® 

Outcome measure: The outcome measure used was 
death or cardiac arrest versus no death or cardiac ar- 
rest. This classification was based on the initial cardiac 
event for each patient. 

Data analytic approach: Data from the 10 partici- 
pating centers were pooled for all of the analyses. Table 
I lists the clinical variables that were included as predic- 
tors of death or cardiac arrest. Two regression models 
were used for the psychosocial and reactivity variables 
separately because of the large number of subjects, 
mostly from the French-speaking Montreal Center, who 
participated in the reactivity component, but not the 
psychosocial component of the assessment battery. To 
adjust the analysis for the clinical factors, these factors 
were forced into the Cox regression models before using 
the stepwise regression procedure for the biobehavioral 
variables. After entry of this covariate set, the following 
behavioral variables were entered into model 1: self- 
report measures of depression, anxiety, anger, social de- 
sirability, social support, mood states and type A-B; and 
for model 2: blood pressure and pulse rate reactivity in 
response to psychological challenge. The entry and exit 
levels in the stepwise Cox regressions were set at p 
<0.05. 


RESULTS 

Descriptive statistics for the psychosocial and stress 
reactivity measures at baseline for the 2 groups are list- 
ed in Table II. The means and standard deviations for 
these measures are consistent with scores obtained from 
other cardiac samples, as presented for comparison in 
other CAPS reports.'® Table III lists the approximate 
95% confidence intervals from the stepwise Cox regres- 
sion models using the psychosocial and reactivity vari- 
ables separately. 

Among the psychosocial measures, the Bortner Type 
A-B and the Beck Depression Inventory scales were sig- 
nificant predictors of mortality or cardiac arrest (p 
<0.05), adjusting for history of prior myocardial infarc- 












Variable Coefficient (8) Error 








Bortner type A-B —0.009 0.004 
Beck depression 0.05 0.026 
Pulse rate —0.112 0.035 
reactivity 






a = One SD in the variable considered for the confidence interal. 
t Approximate 95% CI for the relative risk (expected volume [a =+: 2 X SD [Â])). 
CA = cardiac arrest; Cl = confidence interval; SD = standard ¢=ation 


tion, ejection fraction, 6-blocker or digitalis use, or both, 
presence of transmurality in qualifying myocardial. in- 
farction and presence of runs of ventricular premature 
complexes on the 24-hour electrocardiog-am at base- 
line. Specifically, the relative risk for a chamge in 1 stan- 
dard deviation was 0.70 and 1.38 for the Bortner Type 
A-B and the Beck Depression Inventory. respectively. 
Hence, greater type B behavior and greater depression 
were associated with greater mortality or cardiac arrest. 
For the stress reactivity measures, pulse mate reactivity 
was the only significant predictor, with a relative risk 
for change of one standard deviation of 0.45. Thus, less 
reactivity was associated with greater mertality or car- 
diac arrest. There were no significant interactions be- 
tween the psychosocial or stress reactivity measures and 
the clinical variables. 


DISCUSSION 

Results from this investigation suggest that, in addi- 
tion to known clinical variables, some psychosocial vari- 
ables and pulse rate reactivity to competiitve challenge 
are related to the incidence of mortality er cardiac ar- 
rest among patients at risk for sudden death. The find- 
ings of a positive association between type B behavior 
and mortality or cardiac arrest are inconsistent with the 
findings from some earlier studies of cardiac mortality!® 
and coronary artery disease endpoints.'* An important 
distinction, however, between the presemt study and 
these earlier investigations is the disease status of the 
subject sample, namely symptomatic in tae former case 
and asymptomatic in the latter. Consisten! with this in- 
terpretation, more recent studies have suggested no rela- 
tion between mortality or documented eeronary ath- 
erosclerosis and type A behavior,!*!> or cardiovascular 
reactivity in symptomatic populations.*- Interestingly, 
results from the Western Collaborative Group Study re- 
cently demonstrated greater mortality among type B 
patients vs type A (31.7 vs 19.1%) who had experienced 
a prior infarction.’ Earlier, the Westerm Collaborative 
Group Study data set established the relation of type A 
behavior to higher rates of coronary artery disease inci- 
dence among nondiseased individuals.'!° Hence, when 
considering patients with established conenary artery 
disease, type A behavior may serve some. as yet unde- 
termined, protective role in reducing the msk of sudden 
death. 

The present finding of an association between type B 
behavior and mortality or cardiac arrest 2ppears most 


Standard 


Model 1: psychosocial measures only (n = 336; ni mber deceased /CA = 26) 


Model 2: reactivity measures only (n = 337; numtær deceased /CA = 30) 


* Adjustment for baseline ejection fraction, presence of 3 to-eonsecutive ventricular premature complexes on baseline electrocardiogram, prior myocardial infarction, use of 
mi pee use of 8-blockade and myocardial infarction transmuraitt;. Data were missing on 1 or more of the predictors for 17 subjects for model 1 and 4 subjects for model 2. 


95% Cl* 


0.036 40.10 (0.51, 0.96) 
0.039 6.48 (0.99, 1.93) 
0.001 7.08 (0.27, 0.74) 








inconsistent with the reported association of type A and 
sudden death.’ Both studies involved postmyocardial in- 
farction patients. Two obvious distinctions are the meth- 
odology used to assess type A behavior (Bortner Scale 
vs structured interview)? and the criterion measure of 
interest (i.e., mortality or cardiac arrest vs sudden 
death).'!° Indeed, behavioral variables did not predict 
outcome among nonsudden cardiac deaths, but were 
specific to sudden death.? We do believe, though, that 
there are other differences between the 2 studies that 
would lead one to question the representativeness, or 
generalizability, of the Brackett and Powell? sample for 
the study of risk factors for sudden death. The investi- 
gators report that there were 23 sudden cardiac deaths 
and 32 nonsudden cardiac deaths among 1,072 subjects 
after 4.5 years. This yields an annual cardiac mortality 
rate of 1.2%, with an annual rate of sudden death of 
0.5%. In the CAPS subsample participating in behav- 
ioral studies, notwithstanding the exclusionary criterion 
of patients with ejection fractions at or below 20%, 
there was an annual cardiac mortality rate of 7.7%, and 
an annual sudden death rate of 2.9%, or a 6-fold differ- 
ence in magnitude. This may be explained by many fac- 
tors, including the exclusion of cigarette smokers in the 
study of Brackett and Powell,’ as compared to having 
31% of the CAPS sample reporting current cigarette 
usage. Hence, it would appear that Brackett and Powell 
based their conclusions on a sample of postmyocardial 
infarction patients that was at lower risk for sudden 
death than the CAPS sample. 

The 1 finding consistent with previous reports is that 
higher levels of self-reported depressive symptoms were 
associated with increased mortality or cardiac arrest, in- 
dependent of other estimates of disease severity.67-26 Al- 
though the average level of self-reported depression of 
the patients in the CAPS mortality or cardiac arrest 
group was low relative to psychiatric norms, there is evi- 
dence that cardiac patients underreport true depression. 
Indeed, recent evidence indicates that ratings of depres- 
sion by patients with coronary artery disease showed 
high sensitivity and specificity to psychiatric ratings us- 
ing a criterion level half of that observed among psychi- 
atric populations.”’ Using this criterion for the Beck De- 
pression Inventory, it was observed that survivors’ scores 
were within normal limits, while the scores of nonsurvi- 
vors or cardiac arrest victims indicated a major depres- 
sive episode.*® Recently, it was shown that depressed 
coronary artery disease patients tend to have less heart 
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rate variability during ambulatory monitoring than non- 
depressed coronary artery disease patients, and low 
variability of heart rate has predicted mortality among 
postmyocardial infarction patients.”° 

Taken together, the findings of predictive relations 
between type B behavior pattern, depression, lower 
pulse rate reactivity and mortality or cardiac arrest sug- 
gest a pathognomic psychologic state characterized by 
reduced vigor, lack of initiative, disengagement from 
activities of daily living both psychologically and physio- 
logically, and dysphoria. From this perspective, post- 
myocardial infarction patients at higher risk for mortal- 
ity or cardiac arrest are not those who appear ambi- 
tious, hard driving or engaged in activities (global type 
A), but rather those who are withdrawn from life’s 
challenges and opportunities. Consistent with this hy- 
pothesis, a greater percentage of patients who died or 
had cardiac arrest were unemployed at the beginning of 
the study (57.5%) compared with the group of patients 
who were free of events (42.9%). Additionally, the pa- 
tients who experienced death or cardiac arrest versus no 
death or no cardiac arrest scored lower on the vigor sub- 
scale of the Profile of Mood States”? (13.8 vs 15.7, re- 
spectively). Thus, involvement in work and activities of 
daily living may serve as a protective mechanism for 
these patients and consequently reduce the risk of recur- 
rent cardiac events. Clearly, prospective and interven- 
tion studies are needed to evaluate the adequacy of this 
model. 
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Both animal and human data implicate psychosocial 
distress and cardiovascular reactivity in response 
to challenge in the etiology of sudden cardiac 
death. In this study, the relation of these bio- 
behaviorial factors to frequency of ventricular pre- 
mature complexes, a predictor of sudden death was 
investigated. The study population was made up of 
patients enrolled in the National Heart, Lung, and 
Blood Institute’s Cardiac Arrhythmia Pilot Study 
(CAPS). Ventricular premature complexes (VPCs) 
were assessed by multiple, 24-hour ambulatory 
electrocardiographic recordings. Patients complet- 
ed trait psychosocial measures assessed at baseline 
and state psychosocial measures assessed periodi- 
cally during a 1-year follow-up period. Psycho- 
social measures included self-reports of depression, 
anxiety, anger and type A behavior pattern. A com- 
petitive challenge using a video game was used as a 
stressor to elicit cardiovascular reactivity and was 
administered at baseline and during follow-up ses- 
sions. Cardiovascular reactivity was defined as 
peak level during stressor exposure minus the 
mean of resting levels for systolic and diastolic 
blood pressure and pulse rate. Results indicated 
that biobehavioral factors were not associated with 
diurnal VPC rates. Furthermore, biobehavioral fac- 
tors did not predict response to antiarrhythmic 
therapy. Based upon the results of this study, it is 
speculated that the established relation between 
behavioral factors and sudden death may not be 
mediated by VPC rates. 

(Am J Cardiol 1990;66:63-67) 
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remains unidentified, frequent or repetitive ven- 
tricular premature complexes (VPCs) in post- 
myocardial infarction populations have been associated 
with increased mortality and sudden cardiac death.!? 
Animal studies provide direct evidence that central neu- 
ral activity increases susceptibility to ventricular ectopy 
activity.*4 In humans, however, the evidence linking 
psychosocial and behavioral factors to increased risk of 
ventricular ectopic activity typically involves anecdotal 
or correlational designs that preclude causal analysis.>~7 
In prospective studies of patients with coronary artery 
disease, psychologic stress-induced arrhythmias have 
been invoked as a likely mechanism to explain the asso- 
ciation between psychosocial factors and increased mor- 
tality and sudden cardiac death rates.°-!4 
This study was conducted to assess the prospective 
relation of psychosocial variables and cardiovascular re- 
activity measures to diurnal rates of ventricular ectopic 
activity among postmyocardial infarction patients with 
clinically significant rates of VPCs. Patients were en- 
rolled in the multicenter, Cardiac Arrhythmia Pilot 
Study (CAPS), a feasibility trial to compare several 
antiarrhythmic medications and placebo; this study was 
sponsored by the National Heart, Lung, and Blood In- 
stitute. The CAPS provided a prospective test of the 
relation of heart rate and blood pressure reactivity in- 
duced by psychologic challenge and psychosocial vari- 
ables, including depression, anxiety, anger and type A 
behavior to ventricular ectopic activity. 


A Ithough the exact etiology of sudden cardiac death 


METHODS 

Patients: The CAPS was conducted at 10 clinical 
centers in the United States and Canada. Major criteria 
for trial eligibility included a documented myocardial 
infarction within 6 to 60 days before enrollment and 
210/hr or 25 episodes of unsustained ventricular 
tachycardia, defined as 3 to 9 consecutive VPCs at a 
rate of 2100 beats/min on a 24-hour Holter. Patients 
also had left ventricular ejection fractions >20% and 
were <75 years of age.!° 

Five-hundred-two subjects were recruited for CAPS 
during 2 years. Demographic aspects of the CAPS sam- 
ple revealed the following: 83% were men; 37% had a 
family history of angina or acute myocardial infarction; 
30% had 21 acute myocardial infarction; 16% reported 
having diabetes mellitus; 35% had a left ventricular 


THE AMERICAN JOURNAL OF CARDIOLOGY JULY 1, 1990 63 





40.14+7*23 
35.24 5*23 
8.547 6.1 +475 
175.6 +40 174.3 + 4229 
19.647 — 


* Adjusted linearly for half-scale administration. 
CAPS = Cardiac Arrhythmia Pilot Study. 


35.8411 
38.9 +8 


State anxiety 


Trait anxiety 
Depression 

Type A 

Anger expression 


ejection fraction <40%; and 31, 52% and 17% self-re- 
ported as present, former and never smokers, respective- 
ly.!5 A more comprehensive table of demographic and 
clinical descriptors is presented elsewhere.!> 

Of the 502 CAPS patients, 353 participated in the 
behavioral studies (82 participated in a separate reactiv- 
ity study and the remaining 67 were mostly excluded 
because they were not literate in English). Of these 353 
patients, subsets of 265 participated in both the self- 
report and reactivity assessments, 76 participated in the 
reactivity assessment only (nonparticipation due pri- 
marily to illiteracy) and 12 participated in the psychoso- 
cial assessment only. The primary reasons for nonpar- 
ticipation in the reactivity assessment were poor eye- 
sight or poor dominant hand mobility. 

Assessments: PSYCHOSOCIAL QUESTIONNAIRES: The 
following measures were used as predictor variables. 
State-Trait Anxiety Inventory!® assessed how anxious 
patients feel at a particular time and overall anxiety lev- 
el; Beck Depression Inventory!’ was used to determine 
the extent of depression; Bortner Type A Scale!* as- 
sessed the time-pressure and hard-driving components 
of the behavior pattern; Anger Expression Scale!? mea- 
sured tendencies for anger expression toward others, self 
and overall*°; and Hassles Scale?! assessed the frequen- 
cy of potential difficulty in day-to-day living. Reliability 
and validity information on these measures is available 
from the first author. 

Stress reactivity: A portable video game (Pac- 
Man™) was used to pose a psychologic or competitive 
challenge to patients. Blood pressure and pulse rate 
were monitored with a digital recording unit (Sears 
model number 2130). The digital blood pressure unit 
used in this study was found to produce blood pressure 
and pulse rate levels at rest and during psychologic 
challenge that were reliable and valid relative to analo- 
gous blood pressure and heart rate readings from a 
Grass polygraph, in a nondiseased sample.’ 

Ambulatory electrocardiogram recordings: Ambu- 
latory electrocardiogram monitoring was performed 
with an Avionics 440B tape recorder for an average du- 
ration of 22 + 2 hours. Tape analysis was performed 
with an Avionics Electrocardiogram Trendsetter™ and 
tapes were reviewed by a study cardiologist or techni- 
cian. Internal and external quality control tests on mon- 
itoring equipment were very high for total ventricular 
premature complexes, couplets and runs of ventricular 
tachycardia.” 
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Study protocol: Subjects were assessed at baseline, 
when they were not receiving antiarrhythmic therapy. 
English-literate patients completed the self-adminis- 
tered psychosocial trait and state questionnaire battery 
and the cardiovascular reactivity assessment was con- 
ducted by a trained research nurse. 

After the baseline assessments, subjects were ran- 
domly assigned to placebo or 1 of 4 antiarrhythmic 
medications (i.e., encainide, flecainide, moricizine or 
imipramine). Three levels of dosing per drug were used 
in the attempt to produce suppression of both VPCs and 
nonsustained ventricular tachycardia. If initial treat- 
ment failed to achieve suppression, a second randomized 
treatment assignment was used. The state measures and 
the reactivity protocol were administered at the follow- 
up assessments 3, 6 and 12 months after enrollment. 
During each CAPS assessment period, a 24-hour ambu- 
latory electrocardiographic recording was obtained. 

Reactivity assessment: The protocol consisted of a 
10-minute relaxation period, followed by a 10-minute 
video game period. During the stressor period, patients 
received verbal feedback about their performance and 
were pressured to improve. The video game challenge 
appears to produce sympathetic nervous system stimula- 
tion, particularly via 6-adrenergic mechanisms, reflect- 
ed by blood pressure and heart rate increases. Cardio- 
vascular measures of pulse rate and blood pressure were 
recorded 4 times per assessment period. To obtain 
an event-related response of brief, psychophysiologic 
surges, reactivity was defined for each cardiovascular 
parameter as peak level obtained during stressor minus 
the mean of the baseline recordings.*4 

Dependent measures: Arrhythmias were quantified 
as the mean of the square root of the ventricular prema- 
ture complexes rate for each 24-hour Holter to adjust 
for the substantial variability. Moreover, an alternative 
log transformation performed on the VPC rates did not 
alter the results significantly. Suppression of VPCs was 
defined by a 270% decrease, from a level averaging 
210 VPCs/hr and suppression of >90% of runs if >5 
runs of nonsustained ventricular tachycardia were ob- 
served on the baseline ambulatory electrocardiogram. !> 

Data analytic plan: Scatterplots and histograms of 
both independent and dependent variables were exam- 
ined to determine their distribution characteristics. The 
distribution of arrhythmia frequencies revealed signifi- 
cant deviation from normality. Thus, as noted above, a 
modified square root transformation was performed. 
Descriptive statistics were calculated on all variables 
and intercorrelation matrixes were generated for paper- 
and-pencil measures, stress reactivity variables and clin- 
ical parameters (e.g., left ventricular ejection fraction, 
arrhythmias). To determine the predictive association 
among behavioral and stress reactivity variables and ar- 
rhythmias, hierarchical multiple linear regression mod- 
els were constructed. The minimum acceptable “F” to 
enter and remove was set at 4.00 and 3.90, respectively. 
The minimum acceptable tolerance was 0.01. Addition- 
ally, several stepwise binary logistic regression models 
were developed to test the ability of the behavioral and 


‘of 


stress reactivity variables to account for variance in sup- 
pression of VPCs. The enter and remove limits were p 
values <1.00, respectively. The tolerance was set at 
0.0001. 


RESULTS 

Baseline assessment: As listed in Table I, the 
CAPS sample was distributed across most psychosocial 
stress measures in a manner comparable to prior studies 
-with postmyocardial infarction patients in terms of type 
A25 and state and trait anxiety.” Rates of moderate to 
severe clinical depression among CAPS patients appear 
to be quite low (2 to 3%) using norms established for 
psychiatric patients,”’ but rates appeared to be much 
higher using a less stringent cut-off established with a 
reference population of patients undergoing cardiac 
catheterization, and validated by independent psychiat- 
ric interviews.2° There are no data available on the An- 
ger Expression Scale’? obtained with patients having 
cardiovascular disease. In general, patients described 
themselves as experiencing little anxiety, depicted them- 
selves as maintaining a calm disposition rather than ex- 
pressing anger toward others or their self and half pro- 
vided scores in the range of high defensiveness. In con- 
trast, approximately 40% acknowledged subclinical 


levels of depression and were assessed to be within the 
range of the type A behavior pattern. 

The pretreatment change from baseline to stressor 
exposure during the reactivity task provided the mean 
heart rate reactivity, which was 7.3 + 7.1 beats/min 


from baseline to stressor. Mean systolic blood pressure 
reactivity was 15.1 + 11.6 mm Hg and mean diastolic 
blood pressure reactivity was 10.9 + 10.1 mm Hg. 
Hence, although there were significant short-term in- 
creases from baseline, there was also considerable vari- 
ability in the observed reactivity measures. 

There was even more variability associated with pa- 
tient rates of VPCs at baseline. The median number of 
VPCs per reading was 1,167, whereas the mean was 
3,151, nearly 3 times as large.!> 

The correlations of psychosocial and stress reactivity 
variables to arrhythmias and left ventricular ejection 
fractions are listed in Table II. None of the psychosocial 
or cardiovascular reactivity variables were related sig- 
nificantly to rates of VPCs or left ventricular ejection 
fraction at baseline. 

Follow-up assessments: RATES OF VENTRICULAR PRE- 
MATURE COMPLEXES: To determine the influence of be- 
havioral factors on diurnal rates unconfounded by possi- 
ble effects of active treatment, analyses were restricted 
to 39 of the original 100 placebo patients for whom 
there was a complete set of measures. The majority of 
the results from analyses conducted with patients as- 
signed randomly to placebo were consistent with the 
baseline findings. The psychosocial and reactivity fac- 
tors assessed at 6 and 12 months after enrollment were 
unrelated to corresponding rates of VPCs. At the 3- 
month follow-up, however, systolic blood pressure reac- 
tivity accounted for 15% of the variance in VPC rates. 
Although the hassles measure did not add to the predic- 


TABLE II Correlations of Psychosocial and Stress Reactivity 
Factors to Ventricular Premature Complex Rates and Left 
Ventricular Ejection Fraction at Baseline 


Measure 


State anxiety 
Trait anxiety 
Depression 
Anger 
Type A 
SBP Reactivity 
DBP Reactivity 
HR Reactivity 
* Mean of the square root of the ventricular premature complex (VPC) rate for 
each 24-hour Holter. 


DBP = diastolic blood pressure; HR = heart rate; LVEF = left ventricular ejection 
fraction; SBP = systolic blood pressure. 


tion equation, the interaction of systolic blood pressure 
reactivity and hassles did add to the prediction equation, 
accounting for an additional 10% of the variance in 
VPCs (multiple r = 0.50, F (3,35) = 3.95, p <0.05). 
However, the actual alpha level was likely to have been 
considerably higher than the conventional 0.05 because 
of the large number of statistical tests performed. More- 
over, these results were not replicated at the 6 or 12 
months of assessments. 

Suppression of ventricular premature complexes: 
Several models were tested based on stepwise, binary 
logistic regression to predict suppression of VPCs at the 
completion of dosing with the initial drug-using combi- 
nations of Bortner type A (baseline), hassles (3 
months), systolic blood pressure, diastolic blood pres- 
sure reactivity (baseline and 3 months) and drug assign- 
ment predictors. The sample sizes ranged from 39 (ex- 
cluding the drug assignment variable) to 212 (including 
drug assignment). Results revealed that there were no 
main or interactive effects involving the psychosocial 
and psychophysiologic variables on suppression of 
VPCs. For example, with VPC suppression at the 3- 
month follow-up as criterion and baseline systolic blood 
pressure reactivity, hassles at 3 months and drug assign- 
ment as predictors, there was only a significant main 
effect for drug assignment, and no other main or inter- 
active effects involving the psychosocial and stress reac- 
tivity variables (i.e., drug status was the sole variable 
which entered into the model). 


DISCUSSION 

The results of this investigation support the conten- 
tion that psychosocial and cardiovascular reactivity pa- 
rameters do not predict the frequency of VPCs in pa- 
tients with significant ventricular ectopy, but not sus- 
tained ventricular tachycardia. This lack of relation was 
quite consistent across 2 modes of assessment, namely, 
self-reported measures and cardiovascular reactivity in- 
dexes. Neither level of depression, anxiety, type A nor 
degree of heart rate or blood pressure reactivity were 
associated with arrhythmia rates. These findings are 
striking because the measures of the various constructs 
(e.g., depression, anger, anxiety, type A behavior) were 
largely unrelated to one another (i.e., intercorrelations 
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were generally below 0.30). Finally, it appears that be- 
havioral factors did not contribute, either as a main ef- 
fect or as an interactive term with type of pharmacolog- 
ic agent, to predicting rates of suppression of VPCs. Of 
course, the CAPS behavioral studies were designed for 
ease of assessment. Accordingly, more complex or costly 
assessment techniques, such as the type A structured 
interview and derived anger components”? or laborato- 
ry-based cardiovascular stress reactivity paradigms, 
were not conducted. Also, stressors used in human stud- 
ies are quite mild and do not match the intensity of 
psychologic stressors used in animal studies,4 or those 
stressors that occur which are individualized (e.g., dis- 
closing about a personally relevant topic). The trade-off 
was that large numbers were assessed using the protocol 
in the CAPS. Accordingly, the baseline results do not 
appear to represent a type II error, given that there was 
sufficient sample size (i.e., >300) to detect a small ef- 
fect with a statistical power of 0.80 or higher.30 

The major concern in attempting to assess the rela- 
tion of biobehavioral factors to arrhythmias is the natu- 
ral variability inherent in the dependent variable. The 
mean VPC rate was nearly three times that of the re- 
spective median value on the 24-hour baseline Holter, 
notwithstanding the restriction of VPC variability by 
exclusionary enrollment criteria. Based on CAPS data, 
it has been argued that a striking 95% VPC decrease is 
required to show a statistically significant effect of 
intervention.?3 

The results of this investigation suggest that behav- 
ioral factors, as assessed in this study, are not related 
linearly to measures of ventricular ectopic activity in a 
postmyocardial infarction population with significant 
arrhythmias. However, it does not follow logically to 
conclude that biobehavioral factors are not of etiologic 
significance to the onset of sudden death in this popula- 
tion. Recent studies with diseased samples point to such 
associations,*” although in both studies and consistent 
with the present findings, the relation between psycho- 
social factors and sudden death did not appear to be 
mediated by VPC rates. Thus, further research is war- 
ranted to establish the mechanism of action accounting 
for the relation between psychosocial factors and sud- 
den death. 


Acknowledgment: Thanks to Alfred Hallstrom and 
Mary Jo Gillespie for their contribution to data analytic 
strategies and data interpretation. 
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Antiarrhythmic and Hemodynamic Evaluation 
of Indecainide and Procainamide 
in Nonsustained Ventricular Tachycardia 


Craig M. Pratt, MD, Marilyn J. Francis, RN, Allen A. Seals, MD, William Zoghbi, MD, 
and James B. Young, MD 


The present trial was a placebo-controlled, 
randomized, parallel study comparing indecainide 
to procainamide. A 24-hour intravenous phase 
measured and compared invasive hemodynamics, 
followed by oral administration for assessment of 
arrhythmia suppression. Thirty-two patients (mean 
age 61 years) with asymptomatic or mildly symp- 
tomatic nonsustained ventricular tachycardia (VT) 
were evaluated, 15 while receiving indecainide and 
17 while receiving procainamide. 

A total of 8 patients had serious toxicity during 
the intravenous phase; 6 receiving indecainide ex- 
perienced increased left ventricular dysfunction or 
worsening arrhythmia (sustained VT, arrhythmic 
death) while 2 receiving procainamide developed 
serious hypotension. Proarrhythmia developed in 3 
of 15 (20%) of the indecainide patients, but in no 
procainamide patient. In those tolerating indecain- 
ide, long-term suppression of ventricular premature 
complexes (VPCs) and of runs of VT was more con- 
sistent than with procainamide. While indecainide 
was a potent suppressor of spontaneous VPCs and 
VT, patients with significant left ventricular dys- 
function could not tolerate it. The indecainide pa- 
tients developing serious toxicity had a common he- 
modynamic profile: ejection fraction <25%, elevat- 
ed left ventricular filling pressures, low cardiac and 
stroke volume index and minimal cardiac reserve. 

Indecainide has a poor risk-benefit ratio in pa- 
tients similar to the current population, who have 
potentially lethal ventricular arrhythmias and 
severe left ventricular dysfunction. 

(Am J Cardiol 1990;66:68-74) 
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the type of ventricular arrhythmia and the de- 

gree of left ventricular dysfunction, especially 
in patients surviving acute myocardial infarction.!~6 
While the benefits of arrhythmia suppression remain 
unproven, there is ample documentation of the down- 
side risk of antiarrhythmic therapy.’* The 2 most seri- 
ous toxicities of antiarrhythmic drugs are the worsen- 
ing of left ventricular function and proarrhythmic ef- 
fects.*-'3 Both of these potentially lethal drug toxicities 
occur more commonly in patients with serious ventricu- 
lar arrhythmias and left ventricular dysfunction before 
the initiation of therapy.?-!* 

Indecainide is a new class lc antiarrhythmic drug 
whose electrophysiologic properties closely resemble en- 
cainide and flecainide.!»:!° It has recently been approved 
by the Food and Drug Administration. Since flecainide 
and encainide may worsen congestive heart failure and 
cause lethal proarrhythmias, a description of the hemo- 
dynamic and antiarrhythmic effects of indecainide in 
patients with left ventricular dysfunction and potentially 
lethal arrhythmia is relevant. 


Te risk of sudden cardiac death is related to both 


METHODS 

Patient population: The study population consisted 
of 32 patients (21 men, 11 women) evaluated for fre- 
quent asymptomatic or mildly symptomatic runs of 
nonsustained ventricular tachycardia (VT). Fifteen pa- 
tients were randomly assigned to indecainide and 17 to 
procainamide. The sole entrance criterion for this trial 
was 25 runs of nonsustained VT (2120 beats/min) 
documented on an ambulatory electrocardiographic re- 
cording containing at least 18 hours of interpretable in- 
formation. The protocol required discontinuation of all 
antiarrhythmic drugs for at least 5 half-lives of the spe- 
cific drug. Digitalis derivatives, 8 blockers, phenytoin 
and tricyclic antidepressants were continued only if pre- 
scribed for other than the treatment of ventricular ar- 
rhythmias. Calcium antagonists (other than dihydropyr- 
idines) were discontinued before study entry. 

Primary cardiac diagnoses included: coronary artery 
disease (indecainide [7], procainamide [11]); idiopathic 
dilated cardiomyopathy (indecainide [5], procainamide 
[4]); hypertensive heart disease (indecainide [2], pro- 
cainamide [2]); alcoholic cardiomyopathy (indecainide 
[1]). Previous myocardial infarction was present in 27 
and 47% of the indecainide and procainamide patients, 
respectively. 


y 





TABLE I Baseline Characteristics of Study Patients 


Procainamide* 
(n= 17) 


Indecainide 


Risk Variable (n= 15) 


Age (yrs) 
Malessex (%) 
Coronary artery disease (%) 
New York Heart Association 
class Il, III (%)! 
Left ventricular 
ejection fraction (%) 
Left ventricular 
ejection fraction <40 (%) 
Left ventricular 
ejection fraction <30 (%) 
Digitalis (%) 
Values are mean + standard deviation. 


* All differences not significant vs indecainide; ' class IV patients excluded from 
enrollment. 


Study design: The primary goal of the trial was to 
perform a detailed hemodynamic comparison of indec- 
ainide and procainamide and to assess short-term com- 
parative ventricular arrhythmia suppression. 

This study was a double-blind, randomized, placebo 
run-in, parallel comparison of indecainide and procain- 
amide in patients with frequent nonsustained VT. The 
study was divided into 3 intervals: a 24-hour evaluation 
of acute hemodynamics; an in-patient dose-escalation 
phase; and an outpatient open-label oral-dosing phase 
limited to patients with adequate VT suppression. 

Patients were excluded from study entry if they had 
evidence of any of the following: (1) advanced atrioven- 
tricular block without a permanent pacemaker; (2) de- 
compensated congestive heart failure, or severe heart 
failure alone; (3) history of sudden cardiac death, syn- 
cope or sustained VT; (4) known refractoriness or intol- 
erance to either study drug; (5) myocardial infarction 
within 3 months of study entry; or (6) severe hepatic 
disease. 

After eligibility was determined, written informed 
consent was obtained and all patients underwent a 3- 
day single-blind placebo period. On the last day of dos- 
ing with placebo, the patient was taken to the coronary 
care unit and performed a practice supine bicycle exer- 
cise test by a method previously described in our labora- 
tory.'7-!8 After this practice session, right-sided cardiac 
catheterization was performed with a balloon-tipped 
Swan-Ganz thermodilution catheter. Rest and exercise 
measurements included heart rate, systolic, diastolic 
and mean blood pressure, central venous pressure, sys- 
tolic and diastolic pulmonary arterial pressure and 
mean pulmonary capillary wedge pressure. Cardiac out- 
put determinations were obtained using a thermodilu- 
tion technique as previously described.'’'* Standard 
formulas were used to calculate derived hemodynamic 
measurements. 

Hemodynamic data were obtained on the third day 
of placebo in the resting supine position and after each 3 
minutes of bicycle exercise to a workload predetermined 
during the practice exercise session. After baseline mea- 
surements were obtained, the patient was randomized to 
receive 1 of 3 intravenous loading doses of either inde- 


Indecainide Enrollment 
16 Patients 


ae 1 Placebo Dropout 


15 Started IV Infusion 
6 Adverse Events 
`~ kira ACHF(2) 
` 


Death(1) 


Placebo Rest/Exercise 
Hemodynamics n=15 


Hypotension (2) 


IV Rest Hemodynamics 
n=15 
IV Exercise 


9 Begun on Dose Ranging Hemodynamics n=9 


1 Adverse Event 
Ma svt 


8 Efficacious at Hospital Discharge 
2 Adverse Events 


w Dyspnea(1) Sudden Cardiac 


Death(1) 
œ 1 Lost to Follow-up 
A5 Completed Protocol 
Procainamide Enrollment 
17 Patients 


| Placebo Rest/Exercise | 
9 Hemodynamics n=17 


17 Started IV Infusion 


| ~~~ 2 Adverse Events 
| Hypotension (2) 
~~~ 1 Dropout 


~ IV Rest Hemod namics 
A Pt Decision ‘ 


n=17 
IV Exercise | 
_ Hemodynamics n=14 


14 Begun on Dose Ranging | 
~~ 2 Adverse Events 
a Fever(1) “S/S CHF(1) 
1 Drug Failure 


A 90% VNSVT 


11 Efficacious at Hospital Discharge 


= 2 Adverse Events 
yas Sudden A LE Syndrome( 1) 
Cardiac 
Death(1) 
œ~ 2 Drug Failures 
™ 90% \NSVT(2) 
| œ 1 Lost to Follow-up 


Be Completed Protocol 


FIGURE 1. A, Clinical outcome of patients randomized to 
indecainide. B, Clinical outcome of patients randomized 
to procainamide. IV = intravenous; LE = lupus erythematosus. 
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TABLE Il Baseline (Placebo) Hemodynamic Comparison of Patients Assigned to Indecainide and Procainamide: Adequacy of 
Randomization 


Before Indecainide 
(n= 15) 


Before Procainamide 
(n= 17) 
Rest* Exercise* 


Rest Exercise 


78+12 
22411 
2.2+0.6 
57 + 26 
30413 
33419 
1,801 + 560 


111413 
33+ 13 
3.84 1.9 
65+ 28 
30+9 
37+21 
1,213 + 460 


HR (beats /min) 
PCWP (mm Hg) 

Cl (liters /min/m*) 
SV (ml) 

SVI (ml /m?) 

SWI (gm /m/m7?) 
SVR (dynes /s/cm-°) 


86+ 14 
23+ 10 
2.2+0.3 
50+ 15 
2648 
26+ 10 
1,679 + 443 


11219 
35410 
33:21 
58 + 22 
31413 
32 £16 
1,264 + 352 


All data are mean + standard deviation. 
* All differences not significant, procainamide vs indecainide. 


Cl = cardiac index; HR = heart rate; PCWP = pulmonary capillary wedge pressure; SV = stroke volume; SVI = stroke volume index: SVR = systemic vascular resistance; SWI = 


stroke work index. 


TABLE Ill Comparison of the Hemodynamic Effects (at 
Rest) of Intravenous Indecainide and Procainamide 


Indecainide (n = 15) Procainamide (n = 17) 


Baseline 
(Placebo) 


Baseline 


(Placebo) Infusion* Infusion? 


HR 78+12 
PCWP 22+11 
Cl 2.2+0.6 
SV 57 +26 
SVI 30413 
SWI 33419 29416 26+ 10 28+12 
SVR 1,801 +560 1,8444679 16794443 1,594 + 448 
* All differences not significant vs placebo; t all differences not significant vs inde- 


cainide. 
Abbreviations as in Table II. 


80+ 14 
22+10 
2.1+0.6 
48 + 20 
30+9 


86+ 14 
23+ 10 
2.2+0.3 
50+ 15 
2648 


80+ 15 
23411 
21 £0.5 
SLEA 
31413 


cainide or procainamide administered over 1 hour (inde- 
cainide 60, 80 or 100 mg; procainamide 800, 1,200 or 
1,600 mg). The 1-hour loading dose rate for indecainide 
was 12.5 ug/kg/min and 300 wg/kg/min for procain- 
amide. The maintenance infusion was administered at a 
rate of 3 ug/kg/min for indecainide and 2.5 mg/kg/hr 
for procainamide over 23 hours. Rest and exercise he- 
modynamic measurements were repeated during the 
hour before the completion of the 23-hour maintenance 
infusion. Serum plasma levels were drawn at the end of 
the infusion or at the time of study drug discontinua- 
tion. 

We removed the Swan-Ganz catheter after the 1- 
day drug infusion and patients began double-blind oral 
dose ranging with each dose administered for 3 days. 
Patients randomized to indecainide received increasing 
doses of 50, 75 and 100 mg every 6 hours. The procain- 
amide regimen consisted of 250, 375 and 500 mg ad- 
ministered every 3 hours. Trough plasma levels of both 
drugs were drawn during in-patient dosing. 

The primary efficacy endpoint was a 290% reduc- 
tion in runs of VT /day when compared with VT counts 
during 3 days of placebo. At the end of the in-patient 
oral dose phase, the study drug was unblinded and the 
lowest effective dose was maintained for up to 6 
months. Patients were examined weekly for 2 weeks, 
then monthly for up to 6 months. The drug was discon- 
tinued before discharge if there was lack of efficacy or 
if proarrhythmia criteria were met.!3 
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AMBULATORY ELECTROCARDIOGRAPHIC RECORDING: 
Ambulatory electrocardiographic recordings were ob- 
tained on Avionics 445B or 453A series 2-channel re- 
corders and analyzed by a central laboratory (Cardio- 
Data Systems). Quality control in their laboratory as 
reported by use of gold standard tapes has shown an 
accuracy of 98% for ventricular premature complexes 
(VPCs), 91% for pairs and 93% for runs of nonsustained 
VT. Interobserver variability has shown an agreement 
of 95% for VPCs and pairs and 98% for runs of VT. 

ASSESSMENT OF VENTRICULAR FUNCTION: Global left 
ventricular ejection fraction at rest was measured dur- 
ing the placebo phase by 2-dimensional echocardiogra- 
phy. Studies were performed on an ATL Mark V Sec- 
tor Scanner. The left ventricular ejection fraction was 
determined from a method previously described and 
validated in our laboratory.!° 

STATISTICAL ANALYSIS: Measured variables of a nor- 
mal distribution were analyzed by the 2-tailed Student t 
test. If normality could not be assumed, the Wilcoxon 
rank-sum test was used. Categorical variables were cal- 
culated using the chi-square test. Hemodynamic data 
are presented as mean + standard deviation. Data on 
ventricular arrhythmias are presented as mean + stan- 
dard error. For all statistical comparisons of ventricular 
arrhythmia frequency between placebo and study drug, 
analysis was carried out with the natural logarithm of 
the frequency (f), In (F + 1), to approach normally dis- 
tributed and equal variances. 


RESULTS 

Characteristics of the study population are listed in 
Table I. Nine indecainide-treated and 11 procainamide- 
treated patients previously failed conventional antiar- 
rhythmic therapy. A history of congestive heart failure 
was common in this population (mean left ventricular 
ejection fraction 32 + 12%), with most patients having 
an ejection fraction of <40%. Baseline invasive hemody- 
namic measurements during the placebo period are list- 
ed in Table II. There were no differences between the 2 
study groups in hemodynamic measurements at rest or 
during supine bicycle exercise. 

The outcome of all individual patients in the trial is 
shown in Figure 1. Table III is a comparison of the 





TABLE IV Hemodynamic Profile of Patients with Toxicity During Intravenous Drug Administration Requiring Discontinuation as 
Compared to Patients Tolerating Study Drug Infusion 


Placebo (Rest) 


No 


SVR 1,703 + 489 
LVEF 36+ 14 
Indecainide patients only 


1,750 + 556 
47+12 


Drug 
Toxicity 


(n= 8) 
86 +11 
29+ 11 
1.9 +0.3 
43416 
2246 
19+10 


1,837 + 543 


22 £9 


(n=6) 
86 +12 
31413 
1840.4 
42+18 
2147 
18+12 


1,878+610 


19+4 


Placebo (Exercise) 


No 
Toxicity 


111417 
32411 
3.941.5 
67 + 24 
34+11 
39417 


1,201 + 400 


109412 
27+11 
4.642 
78425 
36+5 
48+ 16 


1,079 + 434 


p 
Value 


* P value of group without vs those with toxicity requiring discontinuation of either study drug. 
LVEF= left ventricular ejection fraction; other abbreviations as in Table Il. 


Drug 
Toxicity 


112413 
4110 
2.6 +40.8 
45419 
2347 
20+ 14 
1,356 + 401 


113415 
42+11 
2.641 
45421 
23 +7 
21415 
1,414 + 455 


Infusion (Rest) 


No 
Toxicity 


81413 
22+ 11 
2.4 +0.4 
56 + 19 
30+9 
33413 
1,607 + 457 


79+ 10 
19+ 10 
2.5+0.4 
61415 
31+6 
38 +13 
1,753 + 483 


Drug 
Toxicity 


78+ 18 
2549 
1.6 + 0.4 
33:4 10 
1745 
133 
2,027 + 900 


82 +19 
28+8 
1.50.4 
3049 
1645 
ILS 
1,979 + 938 


TABLE V Comparative Baseline Hemodynamics of Patients Discontinuing Indecainide at any Time Due to Toxicity Compared to 


Those Tolerating Indecainide 


Placebo (Rest) 


(n = 6) 
No 
Toxicity 


NS 
NS 
0.005 
0.05 
0.008 
0.01 


(n =9) 
Drug 
Toxicity 


82+ 11 
26412 
19+0.4 
47 +20 
2447 

24414 


Placebo (Exercise) 


No 
Toxicity 


113412 
24411 
STEZ 
83 + 28 
S77 
4 fe oe Wf 


p 
Value 


Drug 
Toxicity 


Infusion (Rest) 


No 
Toxicity 


77+8 
1549 
27 £0.3 
67 +14 
3543 
44+ 11 


p 
Value 


NS 

0.007 
<0.001 
<0.001 
<0.001 
<0.001 


Drug 
Toxicity 


82417 
28+7 
1.7+0.5 
36+ 12 
197 
17 +10 


NS 1,936 + 652 
0.02 28+15 


1,018 + 439 


NS 1,343 + 448 


1,639 + 371 NS 1,980 + 817 


* P value of group without vs those with toxicity requiring discontinuation of indecainide at anytime during the trial. 


Abbreviations as in Tables Il and IV. 


hemodynamic effects of both drugs while patients were 
at rest. There was no difference in any resting hemody- 
namic parameter on either drug compared to placebo. 

Six patients had toxicity requiring discontinuation of 
the indecainide infusion, while 2 patients experienced 
toxicity requiring discontinuation of the infusion of pro- 
cainamide (Figure 1). 

A comparison of the pretreatment hemodynamic 
profile of patients who did versus those who did not ex- 
perience toxicity, requiring discontinuation of either 
drug infusion, is listed in Table IV. Those patients who 
experienced toxicity had significantly higher baseline 
(placebo) pulmonary capillary wedge pressures and low- 
er cardiac index, stroke volume and stroke work index 
compared to those tolerating the 24-hour drug infusion. 
The mean ejection fraction was significantly lower in 
the group who developed drug toxicity compared to pa- 
tients without toxicity (p = 0.004). The patients who 


experienced toxicity during drug administration also 
had smaller increases in cardiac index, stroke volume 
and stroke work index during supine bicycle exercise 
(Table IV). These results are similar if the 6 patients 
receiving indecainide who developed toxicity are com- 
pared to those who tolerated indecainide (Table IV). 
Serious events in patients receiving indecainide were not 
directly dose-related. In fact, they occurred most fre- 
quently while receiving the medium (80 mg) dose (4 of 
4 vs 3 of 11 for those receiving either the 60 or 100 mg 
doses; p = 0.03). 

An additional 3 patients (Figure 1) developed toxici- 
ty requiring discontinuation of indecainide during oral 
therapy. As summarized in Table V, indecainide drop- 
outs were those patients who, at baseline, had higher 
filling pressures, depressed indexes of systolic function 
and diminished cardiac reserve. Patients developing tox- 
icity while receiving indecainide had higher baseline 
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TABLE VI Mean Baseline Arrhythmia Frequencies (Three 
Days of Placebo) 


Procainamide* 
(n=17) 


Indecainide 
(n= 15) 


730 +121 1,1304 171 
2,639 + 1,102 


471 +221 


VPCs/hour 
Pairs /day 141 + 532 
VT /day 155+ 42 


All data are mean + standard error. 
* All differences not significant vs indecainide. 
VPC = ventricular premature complex; VT = ventricular tachycardia. 


blood urea nitrogen values than those tolerating the 
drug (22 vs 14 mg%, respectively; p <0.01). Serum cre- 
atinine values were not statistically different. No 
changes in other laboratory parameters were present. 

Suppression of ventricular arrhythmias: A compari- 
son of the frequency of arrhythmias during the placebo 
phase is summarized in Table VI. There was no statisti- 
cal difference in the frequency of baseline arrhythmia 
for patients randomized to either drug. The extent of 
arrhythmia suppression comparing indecainide to pro- 
cainamide during in-patient dose titration is listed in 
Table VII. A progressive but not significant suppression 
of both VPCs and nonsustained VT is seen between 200 
and 300 mg of indecainide daily. A similar progressive 
VPC suppression is not seen with higher procainamide 
doses. 

Only patients who had at least a 90% reduction in 
runs of nonsustained VT were continued with open-la- 
bel outpatient maintenance therapy. The results of ther- 
apy at 3 and 6 months are included in Table VIII. 

There was no statistical difference between the ex- 
tent of individual arrhythmia suppression for VPC or 
nonsustained VT between the 2 study drugs at any in- 
terval, except initially at the 90% VPC suppression level 
(p <0.03; indecainide 6 of 15 vs procainamide 2 of 17). 

The mean plasma level of indecainide in responders 
versus dropouts was 518 + 129 versus 785 + 604 ng/ml 
(difference not significant). The mean plasma concen- 
tration of procainamide in those patients who experi- 
enced either death or toxicity during the intravenous 
phase was 8,580 + 4,251 versus 8,032 + 3,688 ng/ml in 
those patients who tolerated procainamide (difference 
not significant). While indecainide dropouts had lower 
left ventricular ejection fraction (28 vs 48%; p = 0.02) 
than responders, the left ventricular ejection fraction of 
patients tolerating procainamide was similar to procain- 
amide dropouts (30 vs 27%; difference not significant). 
It was notable that 7 of 9 patients in the indecainide 
group with a baseline ejection fraction <40% had a 
serious adverse event within 2 weeks of receiving inde- 
cainide. 

Toxicity, electrophysiologic effects and proarrhyth- 
mia: Minor side effects frequently noted in patients re- 
ceiving indecainide were hypotension (7), dyspnea (7) 
and sweating (6), whereas the minor side effects noted 
in patients receiving procainamide were nausea (8), diz- 
ziness (7), sweating (5), constipation (5) and immuno- 
logic changes (1). Side effects requiring discontinuation 
of either drug are shown in Figure 1. The QRS in- 
creased an average of 22 ms in patients receiving inde- 
cainide (p = 0.015), whereas the QRS in patients re- 
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ceiving procainamide had a marginal increase of 11 ms 
(p = 0.056). The QTc interval was not significantly 
changed by either drug. 

Serious proarrhythmia (new onset of sustained VT 
or sudden death within 14 days of therapy in the ab- 
sence of previous sustained VT or cardiac arrest) was 
seen in 3 of 15 indecainide and 0 of 17 procainamide 
patients. Two of the 3 proarrhythmic events in patients 
receiving indecainide occurred during the 24-hour infu- 
sion. The 2 patients who experienced cardiac arrest at 
178 and 296 days of long-term therapy (while receiving 
procainamide and indecainide, respectively) were not 
classified as having had proarrhythmic events. 


DISCUSSION 

This study population would be classified in the “po- 
tentially lethal” risk category with frequent nonsus- 
tained VT and left ventricular dysfunction. In patients 
who tolerated indecainide, the antiarrhythmic activity 
exceeded that of procainamide. However, indecainide 
administration also caused serious toxicity, especially in 
patients with left ventricular dysfunction. 

Antiarrhythmic activity of indecainide: The selec- 
tion of 25 runs of nonsustained VT as the entrance cri- 
terion for this trial was based on our published experi- 
ence with similar trials.!7-18-20.21 The patient population 
consisted of a group with an average of >200 runs of 
VT/day using this entrance criterion. 

In patients tolerating indecainide, VPCs and nonsus- 
tained VT were reduced by 85 and 90%, respectively, 
compared to placebo. Total suppression of nonsustained 
VT was frequently maintained in patients receiving 
long-term oral therapy. The antiarrhythmic effects ob- 
served in the present study are consistent with published 
experience. Salerno et al? have noted comparable non- 
sustained VT suppression with a mean indecainide plas- 
ma concentration of 409 ng/ml. In our population, with 
significant left ventricular impairment, mean trough 
plasma indecainide concentrations were in the range of 
680 to 785 ng/ml at doses (200 to 300 mg/day) compa- 
rable to those reported by Salerno et al.?? In 16 patients 
with life-threatening ventricular arrhythmia and left 
ventricular dysfunction (mean ejection fraction 43%), 
Podrid et al” found an initial antiarrhythmic response 
in 9 of 16 patients. Our population, with more severe 
left ventricular dysfunction (mean ejection fraction 
32%), had similar short-term arrhythmia suppression 
(290% VT suppression in 7 of 15 patients). 

Comparison with other agents: A trial comparing 
indecainide to quinidine has been reported by Giardina 
et al.“* Study suppression endpoints (80% reduction of 
VPCs, 90% reduction of VT) were achieved in most pa- 
tients at indecainide doses of 200 mg/day and trough 
plasma concentrations averaging 617 ng/ml. Their 
study was small (n = 19), and therefore the investiga- 
tors did not attempt to perform formal statistical com- 
parisons of the relative suppression of indecainide com- 
pared to quinidine. The large number of dropouts in our 
study also resulted in an inadequate sample size to allow 
clinically meaningful comparisons of the outpatient 
(long-term) data; they are presented for completeness 
only. Since the dropouts receiving indecainide were the 





TABLE VII In-Patient Dose-Response Relations: Arrhythmia Suppression and Plasma Drug Concentrations Achi 


Indecainide (n = 8) 


Trough 
Plasma Conc 


(ng/ml) 


Placebo — 
(baseline) 


Doses 


(mg/day) VPCs/hr* 


968 + 176 171 +54 
686 + 156 
7844177 44 + 22 242t 

1,297 + 227 100 + 90 241 


* All p <0.05 vs placebo; ' p <0.05 300 mg vs 200 mg dose of indecainide. 
Conc = concentration; other abbreviations as in Table VI. 


2344121 20+ 18 


Indecainide 


Placebo 


3 mos 

(n=7) 

1,011 + 198 

1,097 + 1,111 
195 + 57 


VPCs/hour 
Pairs /day 
VT /day 

6 mos 

(n =6) 

1,150 + 166 

2,405 + 1,264 
227 + 56 


VPCs /hour 
Pairs / day 
VT /day 


Procainamide (n = 14) 


Doses 
(mg/day) 


Placebo 
(baseline) 


Trough 
Plasma Conc 
(ng/ml) 


2,950 + 1,190 
6,115 + 3,430 
8,762 + 4,427 


VPCs/hr* 
1,186 + 200 


5344 144 
5424115 
589 + 106 


eved 


483 + 267 


126+ 69 
37 +11 
23+8 


Procainamide 


Placebo 


(n=8) 

1,067 + 296 

3,242 + 2,203 
182+61 


(n=5) 
937 + 327 
4,216 + 3,571 
120 +4 


260 + 122 
183 + 153 
13412 


* All p values refer to statistical comparison with corresponding placebo; for interdrug comparisons see Results section. 


Abbreviations as in Table VI. 


patients with the lowest ejection fractions and only re- 
sponders were included in the long-term trial, a bias fa- 
voring indecainide would be anticipated. In the patients 
tolerating indecainide it was a potent suppressor of 
VPCs and VT, like other type 1c drugs (encainide, fle- 
cainide), when compared to type la agents.?5?6 We did 
not observe additional arrhythmia suppression using in- 
decainide doses exceeding 300 mg/day (mean trough 
plasma levels 2784 ng/ml). Doses and blood levels ex- 
ceeding these limits appeared to increase toxicity with 
no additional suppression. 

Hemodynamic effects of indecainide: Despite potent 
VPC and VT suppression, indecainide exhibited sig- 
nificant toxicities, similar to encainide and flecai- 
nide.8:!3.27-29 The patients in this trial had low ejection 
fractions, a frequent history of congestive heart failure, 
high filling pressures at rest, low stroke volume index 
and lack of cardiac reserve as judged by supine bicycle 
exercise. While there was no measurable change (Table 
III) in any of the hemodynamic parameters at rest or 
during exercise at the completion of the indecainide 
infusion, these observations are incomplete and poten- 
tially misleading. Completed 24-hour measurements 
were limited to patients with more preserved left ven- 
tricular function since 6 patients deteriorated during the 
indecainide infusion. These 6 patients had the lowest 
ejection fractions in the indecainide group (22, 12, 16, 
22, 22 and 20%, respectively). Various infusion doses 
were used to obtain pilot information regarding safety 
and tolerability of a new intravenous agent, rather than 
provide data allowing a formal statistical comparison. 
While this outcome may have been due to the indecain- 


ide doses used, the medium (80 mg) dose was responsi- 
ble for the most dropouts (4 of 6). The most important 
clinical observation is that patients with low ejection 
fractions tolerated this range of indecainide doses 
poorly, developing life-threatening complications. 

In contrast, 4 patients with ejection fractions of 
<22% tolerated the procainamide infusion, whereas hy- 
potension developed in 2 patients with higher ejection 
fractions (23 and 37%). Analysis of baseline hemody- 
namic characteristics of the 6 indecainide dropouts 
alone (Figure 1A, Table IV) or combined with the sub- 
sequent dropouts receiving oral indecainide (Table V) 
allows the development of a hemodynamic profile of pa- 
tients in whom indecainide appears to have an adverse 
risk-benefit ratio: (1) ejection fraction <25%; (2) mean 
pulmonary capillary wedge pressures at rest 225 mm 
Hg and during exercise 235 mm Hg; and (3) low cardi- 
ac index and stroke volume index at rest as well as mini- 
mal cardiac reserve. All indecainide dropouts fit this 
profile, failing the drug because of worsening heart fail- 
ure, lack of efficacy or proarrhythmia. Our conclusion 
that indecainide can exacerbate left ventricular dys- 
function is consistent with the observed decrease in 
ejection fractions during oral indecainide reported by 
Podrid et al? and observations of flecainide'? and en- 
cainide.2’ In the present trial, 2 patients developed frank 
congestive heart failure during the indecainide infusion 
at plasma concentrations of 705 and 1,085 ng/ml. A 
valid criticism is that observations were made during 
short-term intravenous therapy. Perhaps similar blood 
concentrations of indecainide achieved during more 
long-term oral therapy may achieve a different out- 
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come. Our experience indicates that indecainide signifi- 
cantly depresses left ventricular function in patients 
with left ventricular dysfunction before therapy. The 
conclusions regarding arrhythmia suppression are limit- 
ed due to the number of dropouts and the resultant 
smaller group exposed to oral indecainide. However, our 
results reinforce the impression that the negative inotro- 
pic and proarrhythmic effects of the class 1c drugs re- 
quire careful individual patient assessment of the risk- 
benefit ratio when patients have a depressed left ventric- 
ular ejection fraction. 

Given the absence of any proven benefit of asymp- 
tomatic ventricular arrhythmia suppression and the 
high prevalence of serious toxicities with indecainide in 
patients with depressed left ventricular function, the 
risk-benefit ratio of indecainide in patients with poten- 
tially lethal arrhythmias appears unfavorable.’ 

The minimal detrimental hemodynamic effects of 
procainamide in this trial reemphasize the safety of this 
drug in patients with significant left ventricular dys- 
function. Its popularity as a first-line drug for use in 
electrophysiologic studies of patients with sustained VT 
is, in large part, a result of this acceptable safety profile. 
The success of amiodarone in this population may like- 
wise be partially explained by its minimal detrimental 
effects on left ventricular function, allowing expression 
of its potent electrophysiologic effects. 

Proarrhythmia while receiving indecainide: Two pa- 
tients developed sustained VT during the indecainide in- 
fusion; 1 died. Two additional patients developed sus- 
tained VT or sudden death during oral therapy (after 2 
and 296 days of therapy, respectively). All except the 
last patient were considered to have had serious /lethal 
proarrhythmic events (3 of 15, 20%); the last patient 
was termed a “treatment failure,” although this assign- 
ment is arbitrary and may be incorrect. None of these 4 
patients had a history of sustained VT, ventricular fi- 
brillation or sudden death. Serious proarrhythmia (sus- 
tained VT or sudden death) due to indecainide has been 
reported previously.”*?3 Both the proarrhythmic and 
negative inotropic effects of indecainide appear more 
common at plasma concentrations exceeding 800 ng/ 
ml. Since indecainide clearance is substantially reduced 
with renal impairment, indecainide dosage should be 
lowered when treating patients with renal failure.3° 

Indecainide is a potent suppressor of VPCs and non- 
sustained VT in selected patients. Until further data are 
available, the poor hemodynamic tolerance observed in 
this trial leads us to recommend alternative therapy for 
patients with significant left ventricular dysfunction as 
characterized by this trial. 


Acknowledgment: We are grateful to Debbie Picot 
for preparation of the manuscript. 
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The Timing of Spontaneous Closure 
of the Ductus Arteriosus in Infants 
with Respiratory Distress Syndrome 
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Previous studies evaluating the incidence of patent 


ductus arteriosus have not made a distinction be- 
tween physiologic ductal patency and abnormally 
persistent ductus arteriosus. However, it has re- 
cently been shown that healthy premature infants 
without respiratory distress syndrome (RDS) un- 
dergo spontaneous closure of the ductus arteriosus 
in the first 4 days of life at times comparable to 
full-term infants. Thus, ductal patency within this 
time frame would appear to be physiologic. Al- 
though sick premature infants are well recognized 
to be at risk for ductal shunting, the purpose of this 
investigation was to evaluate systematically the ac- 
tual impact that RDS has on duration of ductal 
shunting by assessing the timing of spontaneous 
functional closure. The presence of ductal shunting 
was evaluated using echocardiographic color flow 
Doppler techniques. Thirty-six premature infants 
(30 to 37 weeks gestational age) were evaluated. 
By the fourth day of life, only 4 of 36 (11.1%) of 
the infants continued to have evidence of ductal pa- 
tency. The remainder of the infants underwent 
spontaneous functional closure of the ductus arter- 
iosus at times comparable to healthy infants with- 
out RDS. For most infants >30 weeks gestation, 
uncomplicated RDS does not alter the usual timing 
of functional ductal closure. 
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shunting in premature infants with respiratory 

distress syndrome (RDS) have generally includ- 
ed the entire spectrum of neonatal respiratory illness- 
es.!-© These studies have invariably included infants 
with other complicating problems, such as birth asphyx- 
ia, that can independently affect both the natural histo- 
ry of RDS and the incidence of ductal shunting. An 
additional important problem is that in most studies as- 
sessing the incidence of patent ductus arteriosus with 
RDS, the background incidence of “normal” or physio- 
logic ductal patency has not been taken into account. As 
such, previous studies of premature infants have not 
made a distinction between physiologic ductal patency 
and abnormally persistent ductus arteriosus. 

In a recent study evaluating healthy premature in- 
fants, we have established that essentially all healthy 
infants of 230 weeks gestation undergo spontaneous 
functional closure of the ductus arteriosus by the fourth 
day of life.’ Based on these data, ductal patency within 
this time frame would appear to be physiologic for both 
preterm and full-term infants. The current study pro- 
spectively evaluates the specific impact of RDS on the 
duration of ductal shunting using echocardiographic 
color flow Doppler studies. By comparing these results 
to those obtained previously in healthy premature in- 
fants, our goal was to assess the incremental risk that 
uncomplicated RDS poses on the natural history of 
physiologic ductal shunting and the timing of functional 
closure. 


P revious studies evaluating the incidence of ductal 


METHODS 

This investigation involved 27 premature infants de- 
livered at the Oregon Health Sciences University Hos- 
pital as well as 11 outborn infants who were referred to 
the Neonatal Intensive Care Unit in the first 12 hours 
of life. The study protocol was approved by the Institu- 
tional Review Board. Infants were enrolled over a 10- 
month period between February 23 and December 12, 
1988. Criteria for inclusion into this study were: (1) ges- 
tational age between 30 and 37 weeks (confirmed by a 
neonatal modified Ballard examination); (2) birth 
weights that were appropriate for gestational age; (3) 
infants felt to have a clinical illness consistent with RDS 
with documented oxygen requirements to maintain nor- 
mal arterial pO, or systemic arterial saturation (as- 
sessed by oximetry), and chest x-ray appearance consis- 
tent with RDS (i.e., diffuse granular pattern). Infants 
were excluded from the study if they had: (1) evidence 
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of congenital malformation including congenital heart 
disease; (2) birth asphyxia defined as a 5-minute Apgar 
score S5 or any pH <7.10 in the first 2 hours of life; 
(3) suspected neonatal sepsis defined as a “septic” ap- 
pearance (i.e., poor perfusion) or leukopenia in conjunc- 
tion with maternal risk factors for neonatal sepsis (i.e., 
fever, prolonged rupture of membranes); or (4) any 
chest x-ray appearance suggesting an alternative respi- 
ratory illness (i.e., asymmetric infiltrates, patchy or 
coarse infiltrates, pleural effusion or pulmonary intersti- 
tial emphysema). Thus, the goal of the study was to 
enroll premature infants who had uncomplicated RDS. 
For infants meeting inclusion criteria, signed parental 
consent for participation was obtained. Thirty-eight in- 
fants met these criteria. 

Infants enrolled in this investigation were managed 
by the attending neonatal staff in the usual manner. In- 
fants requiring intubation were managed using standard 
positive pressure ventilation. Ventilator adjustments and 
alteration of inspired oxygen concentration was made 
using arterial blood gases and standard oximetry tech- 
niques. No infant in this study was administered artifi- 
cial surfactant. One member of our group (MAC) per- 
formed a daily cardiac examination for evidence of clin- 
ical ductal shunting. Both he and the neonatal staff 
were blinded to the results of our echocardiographic 
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FIGURE 1. Representative image of the “ductal view” 
obtained from the suprasternal notch. Note that the ductus 
arteriosus (PDA) is visualized as an extension of the main 
pulmonary artery (MPA) and is located superior to the left 
pulmonary artery (LPA). The ductus is partially constricted 
relative to the dimension of the descending aorta (DsAo). 
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evaluations. If the neonatal staff had clinical concerns 
regarding patency of the ductus arteriosus, standard 
channels of cardiology consultation were obtained. 

On initiation of the investigational protocol, a com- 
plete 2-dimensional echocardiographic study was per- 
formed to exclude congenital cardiac anomalies. All 
subsequent studies were limited to high parasternal and 
suprasternal notch imaging to best visualize the entire 
length of the ductus arteriosus (Figure 1).’-!4 For detec- 
tion of left-to-right ductal shunting, color flow Doppler 
imaging was used (Figure 2). With this extremely sensi- 
tive tool, ductal flow is noted to originate near the ori- 
fice of the left pulmonary artery and even small shunts 
are easily detectable.7:!3-!9 

The echocardiograms were obtained with the use of 
Hewlett-Packard model HP77020A color flow ultra- 
sound imaging system. The 2-dimensional images and 
color flow Doppler signals were obtained with a 5 MHz 
short-focus transducer. The 2-dimensional and color 
flow Doppler images were recorded on a videocassette 
recorder (Panasonic). 

For all infants after the initial complete echo-color 
flow Doppler evaluation, daily sequential ductal shunt 
flow studies were obtained at roughly 24-hour intervals 
following the same protocol of our previous study in 
healthy preterm infants.’ For all infants, the first study 
was performed within the first 16 hours of life (mean + 
standard deviation 10 + 3 hours). For the entire group, 
the mean ages on days 2, 3 and 4 were 33 + 8,58 +7 
and 82 + 7 hours, respectively. The daily studies were 
continued until no shunt flow could be detected on 2 
successive days, signifying that functional closure of the 
ductus arteriosus had occurred. Functional closure was 
defined as occurring on the first day that no shunt flow 
was detected. 


RESULTS 

Thirty-eight infants met entrance criteria for this 
study. Of these, 1 was withdrawn because of unsuspect- 
ed congenital cardiac disease diagnosed at the time of 
the initial echocardiographic evaluation (this patient 
had total anomalous pulmonary venous connection). 
The remaining 37 patients were divided into 2 groups 
by severity of RDS. Group 1 infants required endotra- 
cheal intubation and ventilatory assistance (20). Group 
2 infants required either oxygen therapy only (14) or 
transient (<36 hours) nasal prong continuous positive 
airway pressure (3). Although not Statistically signifi- 
cant, the sicker group 1 infants tended to be both small- 
er and gestationally less mature (Table I). In addition, 
they were more likely to be outborn referrals (p <0.01). 
One of the group 1 infants was given indomethacin on 
day 2 by the neonatal staff. As this infant’s ductal clo- 
sure occurred “nonphysiologically,” he was excluded 
from subsequent evaluation. 

In assessing the timing of functional closure of the 
ductus arteriosus, there was a tendency for the less sick 
group 2 infants toward earlier spontaneous closure on 
days | and 2, although the differences were not statisti- 
cally significant. However, by days 3 and 4, the accu- 
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mulative percentages of infants in both groups demon- 
strating functional closure were remarkably similar 
(Table I). Importantly, only 2 infants from each group 
continued to have evidence of ductal shunting beyond 
the fourth day of life. There was no significant differ- 
ence in timing of the echocardiograms between the 2 
groups (Table I). 

Of the 4 infants demonstrating evidence of pro- 
longed ductal shunting, the 2 group 1 infants underwent 
spontaneous functional closure on day 14 and day 21, 
respectively. Of the group 2 infants, 1 underwent spon- 
taneous functional closure on the sixth day of life. The 
other infant was felt to have a significant shunt by the 
neonatal staff and was given indomethacin on the fifth 
day of life with closure noted on the sixth day of life. 

Only 9 of the total group of infants had a cardiac 
murmur recognized clinically. Although the presence of 
a cardiac murmur was slightly more common in the 
group 1 infants (6 of 19 vs 3 of 17 group 2 infants), the 
difference was not statistically significant. Although the 
majority of infants (75%) did not ever have a cardiac 
murmur identified, 3 of the 4 infants with prolonged 
ductal shunting had a cardiac murmur. 


DISCUSSION 

That sick premature infants are at risk for persistent 
ductal patency is well recognized. Using varying diag- 
nostic criteria, investigators have estimated the stated 
“incidence” of patent ductus arteriosus in premature 
infants with respiratory distress to range from 15 
to 35% in infants <1,800 g, to 50 to 85% of infants 


<1,200 g.*5 However, because none of these earlier 
studies have taken into account the background inci- 
dence and duration of physiologic ductal patency, no 
distinction has been made between physiologic ductal 
patency and abnormally persistent ductus arteriosus. 


FIGURE 2. Representative color flow 
Doppler study obtained from the supra- 
sternal notch similar to Figure 1. Flow in 
the main and left pulmonary arteries is 
directed away from the transducer and 
produces a flow pattern in the blue 
spectrum. Shunt flow through the ductus 
arteriosus is directed toward the 
transducer and produces a mosaic 
pattern in the red-yellow spectrum. 


TABLE I Comparison of Group 1 and Group 2 


Group 1 
(n= 19) 


Group 2 
(n=17) 


Birthweight (g) 
Gestational age 
(weeks) 
Outborn referral 9* 1 
Age No. closed Age No. closed 
(%) (hrs) (%) 

0 (0) 1045 2(12) 

7 (37) 3348 9 (53) 
Day 3 14 (74) 57+8 13 (76) 
Day 4 17 (89) 8249 15 (88) 


Values are mean + standard deviation. 
* P <0.01 using chi-square analysis and Fisher's exact test. 


Thus, no reliable estimates of the latter exist. In addi- 
tion, previous studies have generally included all infants 
regardless of other complicating medical problems. As 
such, the specific incremental risk that RDS poses for 
persistent ductal patency is unknown. 

The results from the current study demonstrate that 
there was a tendency for the less severe group 2 RDS 
infants to undergo earlier spontaneous ductal closure on 
days 1 and 2. However, by the third and fourth days of 
life, the accumulative number of infants in the 2 groups 
demonstrating spontaneous functional closure of the 
ductus were nearly identical. The important finding in 
this study is that all but 2 infants from each group had 
undergone spontaneous closure by the fourth day of life. 

Using an identical study protocol in healthy prema- 
ture infants of the same gestational ages (30 to 37 
weeks), we have previously shown that about 58% have 
undergone ductal closure by the second day of life, and 
that essentially all were closed by the fourth day of life.® 
In addition, the timing of ductal closure for these 


1,760 + 373 
31821 


2,088 +614 
32.6 + 1.7 


Day 1 
Day 2 
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healthy premature infants did not differ from a control 
group of full-term infants, and it was similar to other 
studies evaluating duration of ductal shunting.2°?! 

In the current study, most infants (89%) had sponta- 
neous functional closure of the ductus arteriosus within 
the time frame of “physiologically normal” patency in 
healthy infants.’?°?! Thus, for premature infants of 
=30 weeks gestation, the actual impact that RDS has 
on ductal shunting may be somewhat less than com- 
monly assumed. Additionally, the need for positive pres- 
sure ventilatory assistance did not appear to be an addi- 
tional risk factor for persistent ductal patency. 

Although previous studies have not placed emphasis 
on the age of the infant at the time of the diagnostic 
study, it can be readily seen from the data in this study 
that the “incidence” of patent ductus arteriosus is de- 
pendent on the age of the infant population at the time 
of the diagnostic evaluation. For example, on the second 
day of life, approximately 63% of the ventilator-depen- 
dent infants in this study had a patent ductus arteriosus. 
However, by the fourth day of life, only about 11% of 
all of the infants in this study continued to have evi- 
dence of patent ductus arteriosus. Since by this time 
essentially all normal infants have demonstrated sponta- 
neous ductal closure, we would assess the incidence of 
persistent ductus arteriosus for this group of infants to 
be 11%. As to whether a ductus patent during the physi- 
ologic time range has an adverse impact not seen in 
healthy infants is unknown. 

Although ductal patency was clinically silent in the 
majority of infants (75%), it is of interest to note that 3 
of the 4 infants with prolonged ductal shunting were 
clinically recognized. Whether this finding is due to the 
size or volume of the shunt, or relative differences in the 
pulmonary or systemic vascular resistance, is specula- 
tive. The etiology of prolonged ductal shunting in the 4 
infants is equally uncertain. These infants did not differ 
in obvious ways from the rest of the infants in this study 
by birth weight, gestational age, Apgar score, hospital 
referral source or need for ventilatory support. Lastly, 
as we did not systematically evaluate these infants be- 
yond 2 successive negative studies, we have no informa- 
tion as to whether any of these infants reopened their 
ductus. 

The goal of this study was to evaluate the impact 
that RDS has on the normal duration of physiologic 
ductal shunting and timing of functional closure. For 
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the majority of premature infants 230 weeks gestation- 
al age, uncomplicated RDS does not appear to alter the 
usual timing of functional ductal closure. 


REFERENCES 

1. Powell MD. Patent ductus arteriosus in premature infants. Med J Aust 
1963;2:58-60. 

2. Auld PAM. Delayed closure of the ductus arteriosus. J Pediatr 1966;69:61-66. 
3. Danilowicz D, Rudolph AM, Hoffman JIE. Delayed closure of the ductus 
arteriosus in premature infants. Pediatrics 1966;37:74-78. 

4. Kitterman JA, Edmunds LH, Gregory GA, Heymann MA, Tooley WH, 
Rudolph AM. Patent ductus arteriosus in infants: incidence, relation to pulmo- 
nary disease, and management. N Engl J Med 1972:287:473-477. 

S. Ellison RC, Peckham GJ, Lang P, Talner NS, Lerer TJ, Lin L. Dooley KJ, 
Nadas AS. Evaluation of the preterm infant for patent ductus arteriosus. Pediat- 
rics 1983;71:364-372. 

6. Reller MD, Lorenz JM, Kotagal UR, Meyer RA, Kaplan S. Hemodynamical- 
ly significant PDA: an echocardiographic and clinical assessment of incidence, 
natural history, and outcome in very low birth weight infants maintained in 
negative fluid balance. Pediatr Cardiol 1985:6:17-24. 

7. Reller MD, Ziegler ML, Rice MJ, Solin RC, McDonald RW. Duration of 
ductal shunting in healthy preterm infants: an echocardiographic color flow Dopp- 
ler study. J Pediatr 1988;112:441-446. 

8. Smallhorn JF, Huhta JC, Anderson RH, McCartney FJ. Suprasternal cross- 
sectional echocardiography in assessment of patent ductus arteriosus. Br Heart J 
1982;48:321-330. 

9. Huhta JC, Cohen M, Gutgesell HP. Patency of the ductus arteriosus in 
neonates: two dimensional echocardiography versus Doppler assessment. JACC 
1984 ;4:56 1-564. 

10. Sanders SP. Echocardiography and related techniques in the diagnosis of 
congenital heart defects. III. Conotruncus and great arteries. Echocardiography 
1984;1:443-493. 

11. Smallhorn JF, Gow R, Olley PM, Freedom RM. Swyer PR, Perlman M, 
Rowe RD. Combined noninvasive assessment of the patent ductus arteriosus in 
the preterm infant before and after indomethacin treatment. Am J Cardiol 
1984 ;54:1300-1304. 

12. Vick GW III, Huhta JC, Gutgesell HP. Assessment of the ductus arteriosus 
in preterm infants utilizing suprasternal two-dimensional /Doppler echocardiog- 
raphy. JACC 1985;5:973-977. 

13. Ludomirsky A, Huhta JC. Left to right shunts. In: Ludomirsky A, Huhta JC, 
eds. Color Doppler of Congenital Heart Disease in the Child and Adult. Mount 
Kisco, New York: Futura, 1987:59. 

14. Ramsay JM, Murphy DJ Jr, Vick G III, Courtney JT, Garcia-Prats JA, 
Huhta JC. Response of the patent ductus arteriosus to indomethacin treatment. 
Am J Dis Child 1987;]41:294-297. 

15. Swensson RE, Sahn DJ, Valdes-Cruz LM. Color flow mapping in congenital 
heart disease. Echocardiography 1985;2:545-549, 

16. Reeder GS, Seward JB, Hagler DJ, Tajik AJ. Color flow imaging in congeni- 
tal heart disease. Echocardiography 1986;3:533-540. 

17. Ritter SB. Two-dimensional Doppler color flow mapping in congenital heart 
disease. Clin Cardiol 1986;9:591-596. 

18. Swensson RE, Valdes-Cruz LM, Sahn DJ, Sherman FS. Chung KJ, Scag- 
nelli S, Hagen-Ansert S. Real time Doppler color flow mapping for detection of 
patent ductus arteriosus. JACC 1986;8:1 105-1112. 

19. Sherman FS, Sahn DJ. Pediatric Doppler echocardiography 1987: major 
advances in technology. J Pediatr 1987;110:333-342. 

20. Gentile R, Stevenson G, Dooley T, Franklin D, Kawabori I, Perlman A. 
Pulsed Doppler echocardiographic determination of time of ductal closure in 
normal newborn infants. J Pediatr 1981;98:443-448. 

21. Mahoney LT, Coryell KG, Laurer RM. The newborn transitional circulation: 
a two-dimensional Doppler echocardiographic study. JACC 1985,6:623-629. 





Pulsed Doppler Evaluation of Right Ventricular 
Diastolic Filling in Children with Pulmonary Valve 
Stenosis Before and After Balloon Valvuloplasty 


Roger P. Vermilion, MD, A. Rebecca Snider, MD, Jon N. Meliones, MD, Jane Peters, 
and Lyne Merida-Asmus 


To assess right ventricular (RV) diastolic filling in 


children with pulmonary stenosis (PS), 14 patients 
(mean age 5.1 years) were examined immediately 
before and after pulmonary balloon valvuloplasty. 
Fourteen normal children (mean age 4.8 years) 
were also studied. From the tricuspid valve inflow 
Doppler study, the following measurements were 
made at peak inspiration: peak velocities at rapid 
filling (peak E) and during atrial contraction (peak 
A), ratio of peak E to peak A velocities, RV peak 
filling rate normalized for stroke volume, total area 
under the Doppler curve, percent of the total Dopp- 
ler area occurring in the first third of diastole (0.33 
area fraction), percent of the total area occurring 
under the E wave (E area fraction), percent of the 
total area occurring under the A wave (A area frac- 
tion) and the ratio of E area to A area. Before bal- 
loon valvuloplasty, the patients with PS had higher 
peak A velocity (0.64 + 0.28 vs 0.39 + 0.08 m/s), 
lower E/A velocity ratio (1.11 + 0.52 vs 1.76 + 
0.45), lower 0.33 area fraction (0.34 + 0.14 vs 
0.49 + 0.08), higher A area fraction (0.45 + 0.21 
vs 0.27 + 0.09) and lower E/A area ratio (1.73 + 
1.05 vs 2.96 + 1.14) than the normal subjects (p 
<0.01). In patients before and after balloon valvu- 
loplasty, there was a significant difference in RV 
outflow gradient (71 + 35 vs 28 + 15 mm Hg), but 
there was no change in any Doppler index. Thus, 
patients with PS have abnormal diastolic filling 
with decreased filling in early diastole and in- 
creased filling during atrial contraction. These ab- 
normalities are unchanged immediately after suc- 
cessful relief of RV outflow obstruction, suggesting 
that hypertrophy rather than afterload mismatch is 
the primary determinant of the impaired relaxation. 
(Am J Cardiol 1990;66:79-84) 
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to assess left ventricular (LV) diastolic filling in a 

variety of diseases including systemic hyperten- 
sion, LV outflow obstruction, hypertrophic cardiomyop- 
athy and coronary artery disease.!-8 Mitral valve Dopp- 
ler indexes of LV filling have correlated closely with 
those measured from cineangiography’ and radionu- 
clide angiography.!®%!! From the mitral valve Doppler 
recording, peak flow velocities, filling rates and the pro- 
portion of filling in the various phases of diastole can be 
measured for the left ventricle. For the right ventricle, 
similar diastolic filling indexes can be derived using the 
tricuspid valve Doppler recording.'* Normal values for 
the tricuspid valve Doppler indexes have been reported 
for the fetus, newborn infant and child.!*-!’ These in- 
dexes, however, have not yet been used to assess right 
ventricular (RV) diastolic filling in children with cardi- 
ac defects that might affect RV relaxation or compli- 
ance, or both. 

In this study, we hypothesized that children with RV 
hypertrophy caused by valvular pulmonary stenosis 
(PS) have abnormalities of RV diastolic filling. Further, 
if these abnormalities were caused by hypertrophy 
alone, then RV diastolic filling should be unchanged im- 
mediately after successful relief of the systolic pressure 
overload. To test this hypothesis, we assessed RV dia- 
stolic filling using pulsed Doppler echocardiography in 
14 children with PS before and immediately after bal- 
loon valvuloplasty. 


P ulsed Doppler echocardiography has been used 


METHODS 

Patients: The study comprised 14 children with PS 
and 14 age-matched, normal control subjects. The con- 
trol group consisted of 5 girls and 9 boys with no evi- 
dence of heart disease on physical examination or by 2- 
dimensional and Doppler echocardiography. They were 
0.5 to 16 years old (mean 4.8) and weighed 8.3 to 64 kg 
(mean 21). The patient group comprised 6 girls and 8 
boys who were randomly selected from all children with 
PS undergoing cardiac catheterization between August 
1985 and September 1989. Selection criteria included: 
(1) presence of PS severe enough to warrant treatment 
with balloon valvuloplasty, (2) absence of additional 
congenital defects such as tricuspid stenosis or left-to- 
right shunts that might alter the tricuspid valve Doppler 
recording and (3) absence of significant tricuspid or 
pulmonary regurgitation by Doppler examination be- 
fore and after valvuloplasty. The patient group was 0.4 
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TABLE I Doppler Measurements in Patients with Pulmonary Stenosis Before and After Balloon Valvuloplasty and in Normal 


Subjects 


0.33 
Peak E/A 


Patients 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 


Mean 

Control subjects 
0.5 0.58 
0.7 0.65 


area/TA 


HR 


Earea/TA Aarea/TA E/Aarea PFR-SV (beats/min) 


Post Pre Post 


A = velocity at atrial contraction (m/s); E = velocity during rapid filling (m/s); HR = heart rate; PFR-SV = peak filling rate normalized for stroke volume; Post = after; Pre = before: 


TA = total area (m). 


to 18 years old (mean 5.1) and weighed 7.2 to 82 kg 
(mean 21.6). 

Cardiac catheterization: The patient group under- 
went right- and left-sided cardiac catheterization after 
being sedated with a combination of morphine sulfate, 
diphenhydramine and chloral hydrate except for 1 pa- 
tient who received ketamine and medazolam. Peak-to- 
peak pressure gradients across the obstruction and ther- 
modilution cardiac indexes were measured before and 
after balloon dilatation. 

Echocardiographic examination: All study partici- 
pants underwent a range-gated pulsed Doppler exami- 
nation of the RV inflow a maximum of 1 day before 
and 1 day after balloon valvuloplasty. Tricuspid valve 
Doppler examinations were obtained from the paraster- 
nal short-axis or apical 4-chamber view. The sample 
volume was positioned so as to record the maximum 
velocities through the valve (usually near the tips of the 
leaflets). Based on previous studies using simultaneous 
thermister and tricuspid valve Doppler recordings, the 
velocities through the tricuspid valve vary significantly 
throughout the respiratory cycle with maximal veloci- 
ties occurring at peak inspiration.'> Therefore, to obtain 
all Doppler measurements at a standard time in the res- 
piratory cycle, only those beats recorded at peak inspi- 
ration were used. 
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From the Doppler spectral recordings, the peak ve- 
locities during rapid ventricular filling (peak E) and 
during atrial contraction (peak A) were measured and 
the ratio of peak E to peak A velocities was calculated. 
To investigate the Doppler patterns of RV filling, the 
following areas under the Doppler spectral tracing were 
measured: (1) the total area under the velocity envelope 
throughout diastole; (2) the area under the velocity 
curve for the first 33% of diastole (0.33 area); (3) the E 
area, or the triangular area formed by extrapolating a 
straight line down from the peak E velocity to the base- 
line; and (4) the A area, or the triangular area formed 
by extrapolating a straight line down from the peak A 
velocity to the baseline.'! To determine the percent of 
the total velocity envelope occupied by the individual 
areas, the area or filling fractions were calculated as the 
individual areas divided by the total area under the 
Doppler tracing. Also, the ratio of the E and A areas 
was calculated. The peak filling rate normalized for 
stroke volume was calculated as the peak E velocity di- 
vided by the total velocity time integral.!8 

All Doppler examinations were recorded at a paper 
speed of 100 mm/s. The Doppler areas were traced 
from the paper recordings using a digitizing tablet with 
a crosswire cursor, a personal computer and commer- 
cially-available computer software (Freeland Medical 





Systems). The Doppler velocities and areas were mea- 
sured by tracing the outermost border of the spectral 
recordings. 

Statistical analysis: Three cardiac cycles were aver- 
aged to obtain each Doppler value. Statistical compari- 
sons between the control and patient groups and be- 


TABLE Il Tricuspid Valve Doppler Measurements in Normal 
Subjects and Patients with Pulmonary Stenosis Before 
Balloon Valvuloplasty 


Normal Patients 


Measurement Subjects Before Balloon P Value 


tween the patient group before and after valvuloplasty 
were made using paired f¢ tests. A 2-tailed p value of 
<0.01 was used to indicate a significant intergroup dif- 
ference. All values are mean + standard deviation. 


RESULTS 

Patients: The patient group and the control group 
did not differ in age, weight or heart rate. At cardiac 
catheterization, all members of the patient group had 
successful relief of PS with balloon valvuloplasty. The 


Peak E (m/s) 
Peak A(m/s) 
Peak E/PeakA 
Total area (m) 
0.33 area (m) 
0.33 area fraction 


E area (m) 


E area fraction 


A area (m) 


A area fraction 
E area /A area 
PFR-SV (SV/s) 


0.66 + 0.10 
0.39 + 0.08 
1.76 + 0.45 
0.11 +0.02 
0.05 + 0.02 
0.49 + 0.08 
0.07 + 0.02 
0.70 + 0.05 
0.03 + 0.01 
0.27 + 0.09 
2.96+ 1.14 
6.38 + 1.20 


0.59+0.21 
0.64 + 0.28 
1.114+0.52 
0.12+0.03 
0.04 + 0.02 
0.34 +0.14 
0.07 + 0.03 
0.57 +0.19 
0.05 + 0.03 
0.45 + 0.21 
1.73 £1.09 
5.28 + 1.96 
99 + 27 


Heart rate (beats/min) 90415 


Values are mean + standard deviation. 

* Statistically different between groups using paired t test at the 1% level. 

A = velocity at atrial contraction; E = velocity during rapid ventricular filling; PFR-SV 
= peak filling rate normalized for stroke volume; SV = stroke volume. 


peak-to-peak systolic pressure gradient before balloon 
valvuloplasty (71 + 35 mm Hg) was significantly high- 
er than that after valvuloplasty (28 + 15 mm Hg, p 
<0.0005). Before and after balloon valvuloplasty, the 
cardiac index was unchanged (3.5 + 0.7 vs 3.7 + 0.8 
liters/min/m2, p = 0.41) and the RV end-diastolic pres- 
sure was lower (11.1 + 2.5 vs 8.6 + 2.0 mm Hg, p 
<0.005). 

Doppler echocardiographic studies: Pulsed Doppler 
measurements for each individual patient before and af- 


TABLE Ill Tricuspid Valve Doppler Measurements in Patients 
with Pulmonary Stenosis Before and After Balloon 
Valvuloplasty 


Patients Patients 


Measurement Before Balloon After Balloon P Value 


ter balloon valvuloplasty and for each control subject 
are listed in Table I. 

COMPARISONS OF NORMAL SUBJECTS AND PATIENTS WITH 
PULMONARY STENOSIS BEFORE BALLOON VALVULOPLASTY: 
Mean values for the Doppler measurements of the nor- 
mal subjects and the patient group before balloon valvu- 
loplasty are listed in Table II. Figure 1 shows a typical 


Peak E (m/s) 


Peak A(m/s) 
Peak E/PeakA 
Total area (m) 
0.33 area (m) 
0.33 area fraction 


E area (m) 


E area fraction 


A area (m) 


0.59 + 0.21 
0.64 + 0.28 
1.11+0.52 
0.12+0.03 
0.04 + 0.02 
0.34 +0.14 
0.07 + 0.03 
0.57 +0.19 
0.05 + 0.03 


0.59 + 0.21 
0.71 +0.31 
0.95 + 0.39 
0.12 + 0.04 
0.05 + 0.03 
0.29 +0.11 
0.71 +0.04 
0.54 +0.18 
0.06 + 0.02 


0.52 + 0.20 
1.29 + 0.70 
4.94 + 2.00 
101 + 23 


A area fraction 0.45 + 0.21 
E area /A area 1.73 + 1.05 
PFR-SV (SV/s) 5.28 + 1.96 


Heart rate (beats /min) 99+ 27 


Doppler recording from the patient group and from a 
control subject for comparison. The patient group had a 
much higher peak A velocity than the control group and 
no significant difference in peak E velocity; therefore, 
the ratio of peak E to peak A velocities was significantly 
lower in the patient group. In the patient group, the 


Values are mean + standard deviation. 
Statistically different between groups using paired ft test at the 1% level. 
Abbreviations as in Table II. 
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FIGURE 1. Tricuspid valve Doppler recordings from a patient with pulmonary stenosis (PS) (right) and an age-matched normal 


(NL) subject (left). Note the increased velocity during atrial contraction and the larger portion of the Doppler curve occurring in 
late diastole in the patient with PS. 


THE AMERICAN JOURNAL OF CARDIOLOGY JULY 1, 1990 $81 





percent of the total Doppler area occurring in the first 
third of diastole was significantly lower, and the percent 
of the total Doppler area occurring under the A wave 
was significantly higher. The percent of the total Dopp- 
ler area occurring under the E wave was not significant- 
ly different between the 2 groups; therefore, the ratio of 
E area to A area was lower in the patient group. 


There was no significant difference in normalized 
peak filling rate between the 2 groups, although the pa- 
tient group tended to have slightly lower peak filling 
rates. 

COMPARISONS OF PATIENTS WITH PULMONARY STENOSIS 
BEFORE AND AFTER BALLOON VALVULOPLASTY: No differ- 
ences were observed in any Doppler velocities, area frac- 


VELOCITY (M/S) 


AREA (m) 


* p<0.01 pre vs ctl 
** p<0.01 pre vs post 


Control 
Pre 
Post 


* p<0.01 pre vs ctl 
** p<0.01 pre vs post 


Control 
Pre 


* p<0.01 pre vs ctl 
** )<0.01 pre vs post 


EJ Control 
Pre 


E/A VELOCITY E/A AREA 
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FIGURE 2. Doppler peak velocities measured 
in control (ctl) subjects and patients with pul- 
monary stenosis (PS) before (pre) and imme- 
diately after (post) balloon valvuloplasty. A = 
velocity during atrial contraction; E = velocity 
during rapid ventricular filling. 


FIGURE 3. Doppler area fractions in control 
(ctl) subjects and patients with pulmonary 
stenosis (PS) before (pre) and immediately af- 
ter (post) balloon valvuloplasty. Other abbre- 
viations as in Figure 2. 


FIGURE 4. Doppler ratios in control (ctl) sub- 
jects and patients with pulmonary stenosis 





tions or ratios after successful relief of the PS (Table 
III). 

Figures 2 through 5 summarize the Doppler mea- 
surements that were most useful for distinguishing nor- 
mal subjects from patients with PS. 


DISCUSSION 

Evaluation of RV diastolic function is an important 
part of the management of many children with congeni- 
tal heart disease. This study is the first to demonstrate 
the usefulness of the tricuspid Doppler examination as a 
technique for assessment of RV diastolic function. In 
this study, the tricuspid Doppler indexes successfully 
distinguished the normal RV filling pattern of control 
subjects from the abnormal RV filling pattern of pa- 
tients with pressure overload hypertrophy of the right 
ventricle. In children with PS, the decreased percent of 
the total Doppler area in the first third of diastole and 
the increased percent of the total Doppler area under 
the A wave suggest a relative shift of RV filling to late 
diastole. These filling abnormalities are identical to 
those observed for the left ventricle of children with LV 
outflow obstruction.? In addition, this abnormal tricus- 
pid Doppler pattern resembles the mitral Doppler pat- 
tern I observed by Appleton et al’ in patients with im- 
paired LV early diastolic relaxation and normal LV fill- 
ing pressures. In this study, no patient had a tricuspid 
Doppler pattern resembling the mitral Doppler pattern 
II described by Appleton et al’ as occurring in patients 
with markedly elevated filling pressures, an abrupt rap- 
id filling wave and decreased chamber compliance. 

From expiration to inspiration in normal children, 
the mitral peak E velocity decreases by 8%, the peak A 
velocity remains unchanged and the E/A ratio de- 
creases by 14%. On the normal tricuspid Doppler re- 
cording, however, there are marked changes during res- 
piration. From expiration to inspiration, the tricuspid 
peak E velocity increases by 26%, the peak A velocity 
increases by 18% and the E/A ratio remains un- 
changed.!5 Thus, when using the tricuspid Doppler re- 
cording to assess RV diastolic function, measurements 
must be made at a standardized time in the respiratory 
cycle. 


FIGURE 5. Normalized peak filling rates 
(PFR-SY) in control (ctl) subjects and pa- 
tients with pulmonary stenosis (PS) before 
(pre) and immediately after (post) balloon 
v . SV = stroke volume. 


Possible mechanisms of diastolic filling abnormali- 
ties: In children and adults with pressure overload hy- 
pertrophy of the left ventricle, increased wall thickness 
or mass has been implicated as the cause of impaired 
LV relaxation. Several studies have shown a significant 
correlation between the extent of hypertrophy and the 
severity of the LV diastolic filling abnormality.!”-*! RV 
mass was not assessed in this study due to the lack of an 
accurate means of measuring it noninvasively; however, 
all patients in the study group had echocardiographic 
evidence of severe RV hypertrophy. If RV hypertrophy 
alone were the cause of impaired RV relaxation, then 
regression of RV hypertrophy should be accompanied 
by a return of diastolic filling patterns toward normal. 
This question could be addressed in long-term studies of 
patients who have had successful relief of PS. Such a 
study is currently in progress in our institution. 

The afterload during contraction has an effect on the 
extent of muscle fiber shortening and the rate of fiber 
lengthening. Failure to normalize RV wall stress (after- 
load mismatch) could account for the impaired RV re- 
laxation seen in patients with pressure overload hyper- 
trophy.22-24 Since RV diastolic filling abnormalities did 
not return to normal after successful relief of the high 
afterload, it is unlikely that afterload mismatch was the 
cause of the filling abnormalities we observed. 

Finally, subendocardial ischemia has been suggested 
to be the cause of impaired relaxation in pressure over- 
load hypertrophy. This may account for the occurrence 
of impaired relaxation with pressure overload hypertro- 
phy, but not in young athletes with physiologic hyper- 
trophy.?526 

Factors affecting the tricuspid valve Doppler index- 
es: Diastolic indexes of RV relaxation can be influenced 
by several factors, including age, heart rate and RV 
loading conditions. Throughout childhood, the tricuspid 
valve Doppler indexes are independent of age beyond 
the neonatal period.!*-!> In the fetus and newborn in- 
fant, the peak A velocity normally exceeds the peak E 
velocity.!4:!6!7 In this study, the patients and control 
subjects were age-matched and the study group includ- 
ed no infants <3 months of age; therefore, it is unlikely 
that age contributed to the observed RV diastolic filling 


* p<0.01 pre vs ctl 
** p<0.01 pre vs post 


Control 
Pre 
Post 
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abnormalities. Furthermore, the RV filling abnormali- 
ties cannot be explained on the basis of heart rate since 
the heart rates of the 2 groups were not different. 
Changes in preload and afterload can alter the tricuspid 
valve diastolic filling indexes. All children with signifi- 
cant tricuspid or pulmonary regurgitation were exclud- 
ed from the study since they would be expected to have 
abnormal RV filling patterns due to increased preload. 
Finally, RV afterload was not the direct cause of the 
observed abnormalities in RV filling, as these abnormal- 
ities did not improve immediately after successful relief 
of RV outflow obstruction with balloon valvuloplasty. 
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Diagnosis and Quantitative Evaluation 
of Secundum-Type Atrial Septal Defect 
by Transesophageal Doppler Echocardiography 


Keiko Morimoto, MD, Masunori Matsuzaki, MD, Yoichi Tohma, MD, Shiro Ono, MD, 
Nobuaki Tanaka, MD, Hiroyuki Michishige, MD, Kazuya Murata, MD, 
Yoshito Anno, MD, and Reizo Kusukawa, MD 


Transesophageal echocardiography (horizontal 
sector scan) was performed in 11 patients with 
secundum atrial septal defect (ASD). In all 11 
patients, transesophageal echocardiography pre- 
sented the definite visualization of the defect and a 
clear laminar shunt flow that showed its 2 peaks in 
late systole and late diastole. We estimated the size 
of ASD and a shunt volume across the defect by us- 
ing transesophageal echocardiography. The defect 
size determined by transesophageal echocardiogra- 
phy was correlated with the surgical measurement 
(horizontal width, r = 0.92, p <0.001; vertical 
length, r = 0.85, p <0.01). A significant high cor- 
relation was shown between the shunt volume mea- 
sured by transesophageal echocardiography and 
that by Fick’s method (r = 0.87, p <0.01). There 
was no significant correlation between the pulmo- 
nary to systemic flow volume (ratio) and the mean 
shunt flow velocity across ASD, although a high lin- 
ear correlation was observed between the pulmo- 
nary to systemic flow ratio and the defect size in 
horizontal direction (r = 0.82, p <0.01). Transe- 
sophageal echocardiography used for diagnosis 
and quantitative evaluation of ASD could be per- 
formed easily and satisfactorily within 10 minutes. 
Thus, transesophageal echocardiography is a use- 
ful method in evaluation of the defect size and the 
shunt flow volume of ASD. The mean shunt flow 
velocity was not a reliable index for estimating 
the shunt flow volume. The defect size might 
be a valuable determinant of left-to-right shunt 
volume in ASD. 

(Am J Cardiol 1990;66:85-91) 
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is commonly used to diagnose and evaluate atrial 

septal defects (ASD).'-> However, in adults, es- 
pecially in patients with obesity, chest deformities and 
changes of the chest wall with age, the ultrasonic beam 
projected from the parasternal or the subcostal regions 
of the anterior chest wall does not always strike the in- 
teratrial septum perpendicularly. Sometimes echocar- 
diographic dropouts give a false-positive appearance of 
the septal defect. Furthermore, since the direction of the 
ultrasonic beam is not parallel with that of the shunt 
flow, it is often difficult to detect the precise flow veloci- 
ty signals generated by the shunt flow.’ On the other 
hand, transesophageal echocardiography makes it possi- 
ble to obtain a clear image of the ASD.* The transduc- 
er placed on the wall of the esophagus, which is adja- 
cent to the posterior wall of the left atrium, is very close 
to the interatrial septum. The ultrasonic beam can be 
directed almost perpendicularly to the interatrial sep- 
tum.?-!2 The type and size of ASD, the direction of the 
shunt flow (left-to-right or right-to-left) and the shunt 
flow volume across the ASD have been generally con- 
sidered to be important indicators in evaluating patients 
with ASD and in deciding whether open-heart surgery 
is warranted. 

In this study, we evaluated the defect size and shunt 
flow volume by transesophageal 2-dimensional color 
Doppler echocardiography. We also compared the re- 
sults from the transesophageal echocardiography with 
those from invasive method and from surgical measure- 
ment. 


Ts 2-dimensional echocardiographic examination 


METHODS 

Patients: Eleven patients with suspected ASD (7 
men, 4 women, age range 15 to 55 years) were exam- 
ined by transesophageal echocardiography before cardi- 
ac catheterization. The final diagnosis of secundum 
ASD in each patient was confirmed by cardiac cathe- 
terization and surgical operation. All patients had a left- 
to-right shunt determined by Fick’s method. No signifi- 
cant right-to-left shunt was observed in any of the pa- 
tients. Nine of the 11 patients showed sinus rhythm and 
the remaining 2 patients had chronic atrial fibrillation. 
In all patients, mean pulmonary arterial pressures were 
between 11 and 30 mm Hg (mean standard deviation 
19.2 + 5.6) and the ratio of pulmonary to systemic flow 
determined by Fick’s method was between 1.6 and 5.0 
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TABLE I Defect Size, Shunt Volume and Hemodynamic Variables Obtained by Transesophageal Echocardiography, Cardiac 


Catheterization and Surgery in Atrial Septal Defect 


Defect Size (mm) 


TEE (W XL) 


Age /Sex Rhythm 


aa 


OON AA RWNH YS 
Nnn PH HAN DU 
n 


wn 


Surgery 
(Ma X Mi) 


Shunt Volume 
(liters /min) 


mPAP 
(mm Hg) 


AF = atrial fibrillation; Cath = cardiac catheterization; F = female; L = vertical length; M = male; Ma = major axis; Mi = minor axis; mPAP = mean pulmonary atrial pressure; Qp / 
Qs = ratio of pulmonary to systemic flow; s = sinus rhythm; TEE = transesophageal echocardiography; W = horizontal width. 


(mean 3.0 + 1.2). Four of all the patients had mild 
tricuspid regurgitation confirmed by conventional 2-di- 
mensional color Doppler echocardiography and no pa- 
tients had coronary artery disease and other congenital 
abnormalities. 

Transesophageal echocardiography: Transesopha- 
geal 2-dimensional color and pulsed Doppler echocardi- 
ography was performed using a transesophageal probe 
with a 9 mm diameter and a hand-controlled flexible 
tip. A 3.5- or 5.0-MHz phased-array transducer with 32 
elements was attached to the tip of the cable. The trans- 
ducer could be angled sufficiently at a point approxi- 
mately 4 cm from the tip and could be rotated easily at 
the proper level. Echocardiograms were acquired using 
commercial echocardiographs (Aloka SSD-860, 870 or 
Toshiba SSH-65A) and were recorded on a strip-chart 
recorder simultaneously with a lead-II electrocardio- 
gram and a phonocardiogram. A procedure for transe- 
sophageal echocardiography in our laboratory has been 
reported in detail elsewhere.'? The pharyngeal region 
was locally anesthetized with a viscous lidocaine (2%). 
Prifinium bromide (7.5 mg) was injected intramuscu- 
larly to avoid salivation. The transesophageal transduc- 
er was passed voluntarily to a depth of approximately 
35 cm from the incisors. At this position, the transducer 
was usually placed at the mitral level. Slight withdrawal 
of the transducer with a clockwise rotation displayed 
both atrial cavities and the interatrial septum. !! 

Measurement of the size of atrial septal defect: Fig- 
ure 1 shows a schematic illustration of the secundum 
type ASD and respective transesophageal echocardio- 
grams obtained at distinguishable levels of the atrial 
septum. At level A (Figure 1A), the intact interatrial 
septum and the dilated right atrial cavity are apparent. 
Advancing the transducer to level B (approximately 1 
cm beyond level A), however, reveals the defect in the 
interatrial septum. The horizontal width, or major axis, 
of the defect was 38 mm. At the lowest level (D), 1 cm 
deeper than level C (Figure 1D), the interatrial defect is 
not apparent and the continuity of the interatrial sep- 
tum is displayed. These projections allowed serial mea- 
surement of the septal defect and revealed the maxi- 
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mum transverse diameter (major axis) of the communi- 
cation. The vertical diameter was measured by the 
distance that the transducer moved from the rostral to 
the caudal margin of the defect. In this manner, both a 
major horizontal and minor vertical axes of ASD were 
quantitated. During surgical procedure, the major and 
the minor axes of the defect were measured. The sizes 
of the defect measured by transesophageal echocardiog- 
raphy were compared with those obtained from the sur- 
gical findings. The area of the defect was calculated by 
assuming its shape to be an ideal ellipse and using the 
following equation: area of the defect (A) = 1 /4rab, 
where a = the maximum horizontal width and b = the 
vertical length measured by echocardiography. 
Measurements of the shunt flow volume: The 
Doppler signal was obtained by placing the sample vol- 
ume in the center of the defect, where the maximum 
major axis and color flow signal across the defect could 
be clearly obtained. A highpass filter eliminated the in- 
fluence of movement from the intracardiac structures. 
Doppler signals were recorded simultaneously with the 
M-mode echocardiogram, the electrocardiogram and 
the phonocardiogram during a held expiration on a 
strip-chart recorder at a paper speed of 100 mm/s. 
Doppler signals away from the transducer were repre- 
sented by the sound spectrogram below the baseline, in- 
dicating the left-to-right shunt flow. To obtain the mean 
left-to-right shunt flow velocity during a cardiac cycle, 
the time integral of the left-to-right shunt flow signals 
of 5 consecutive beats were measured by a planimeter 
and divided by the duration of 5 cardiac cycles. The 
left-to-right shunt flow volume was calculated by the 
following equation: shunt flow volume (ml/min) = 
V(cm/s) X A(cm) X 60 (s/min), where A is the area of 
the defect determined by transesophageal 2-dimensional 
echocardiography and V is the shunt flow velocity. 
Statistical analysis: The defect size of ASD mea- 
sured during open-heart surgery and the shunt flow vol- 
ume measured by Fick’s method were compared with 
those from transesophageal echocardiography by a sim- 
ple linear regression analysis. The ratio of pulmonary to 
systemic flow was compared with the mean shunt flow 





FIGURE 1. Schematic illustration of atrial septal defect (ASD) and its different levels of horizontal sections by transesophageal 
2-dimensional echocardiography (top) and representative 2-dimensional echocardiograms obtained at the respective levels (A to 
D) in patients with ASD. RA = right atrium. 
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velocity or shunt flow volume by a simple linear regres- 
sion analysis. A p value <0.05 was considered to be sta- 
tistically significant. 


RESULTS 

The values of the defect size and the shunt flow vol- 
ume in each case of secundum ASD obtained by transe- 
sophageal echocardiography, cardiac catheterization 
and open-heart surgery are listed in Table I. The rep- 
resentative transesophageal 2-dimensional echocardio- 
gram obtained from a patient with secundum ASD 
(case 7 in Table I) is shown in Figure 2. The defect is 
clearly shown at the center of the interatrial septum, 
indicating the secundum ASD. The lower panel of Fig- 
ure 2 shows the transesophageal color Doppler echocar- 
diogram in the same patient. Two different color flow 
signals (blue and red) are presented in both atria across 
ASD during midsystole. The blue color indicates the di- 
rection of the flow away from the transducer and the 
red indicates that toward the transducer. The red-col- 
ored signals around the blue signal seem to represent a 
turbulent flow in both atria induced by a rapid shunt 
flow. 
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Figure 3 shows transesophageal 2-dimensional echo- 
cardiogram-guided pulsed Doppler examination of 
ASD. The left-to-right shunt flow signal showed a lami- 
nar flow with triphasic pattern at the early systole, end- 
systole and the atrial contraction phase. The velocity of 
the flow during the atrial contraction was higher than 
that at end-systole in patients with sinus rhythm. The 
velocity of the shunt flow decreased abruptly during the 
phase from end-diastole to early systole. In this case, the 
transient right-to-left shunt flow indicated by the sound 
spectrogram above the baseline was observed during 
early systole. In all 11 patients, the predominant shunt 
flow was left-to-right. A satisfactory shunt flow signal 
was obtained in 9 of the 11 patients (82%). The phasic 
pattern of the shunt flow signal was similar in patients 
with normal sinus rhythm and in those with atrial fibril- 
lation. 

Defect size: We compared the size of the defect 
measured by transesophageal echocardiography with di- 
rect surgical measurement. Figure 4A shows the major 
axis of the defect in the horizontal direction measured 
by transesophageal echocardiography plotted against 
the major axis measured at surgery. A significant corre- 


FIGURE 2. Transesophageal 2-dimension- 
al color Doppler echocardiogram obtained 
from patient with secundum atrial septal 
defect (ASD) (case 7, Table I). Maximum 
width of defect in horizontal direction is 
30 mm and edge of atrial septal defect 
seems hypertrophic. LA = left atrium; LV 
= left ventricle; RA = right atrium; RV = 
right ventricle. 
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lation between these 2 variables was noted (r = 0.92, p 
<0.01; y = 0.65x + 9.58). In 9 of 11 cases, each maxi- 
mal value of the vertical length of the defect measured 
by transesophageal echocardiography also had a statisti- 
cally significant correlation with the minor axis mea- 
sured during surgery (Figure 4B, r = 0.85, p <0.01; y = 
1.05x — 6.15). In the remaining 2 patients, vertical 
length of their defects was so small, confirmed by surgi- 
cal measurement (case 4 and 5, Table I), that we could 
not measure the accurate vertical defect length by 
transesophageal echocardiography. 

Shunt flow volume: We compared the shunt flow 
volumes derived from transesophageal Doppler echocar- 
diography with those derived by the Fick’s method (Fig- 
ure 5). There was a significant correlation (r = 0.87, p 
<0.01, y = 0.87x + 0.19) between shunt flow volumes 
obtained by the 2 methods. The ratio of pulmonary to 
systemic flow determined by cardiac catheterization 
was compared with the following 3 transesophageal 
echocardiography-derived parameters: the mean shunt 
flow velocity (Figure 6A); the shunt flow volume (Fig- 
ure 6C); and the maximum horizontal width of the de- 
fect (Figure 6D). There was no statistically significant 
correlation between the ratio of pulmonary to systemic 


FIGURE 3. Transesophageal 2-dimension- 
al echocardiogram of interatrial defect and 
pulsed Doppler flow signal at center of de- 
fect in patient with secundum atrial septal 
defect (ASD) in sinus rhythm. 47F = 47- 
year-old woman; LA = left atrium; L — R 
= left-to-right shunt flow signal; RA = 
right atrium; R — L = right-to-left shunt 
flow signal. 


Shunt flow 


FIGURE 4. Correlation between horizontal 


atrial septal defect measured by TEE and 
minor axis measured during cardiac sur- 
gery in 9 patients (B). Dashed line 
indicates line of identity. 
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flow and the mean flow velocity. However, significant 
linear correlations were observed between the ratio of 
pulmonary to systemic flow and the shunt flow volume 
(r = 0.82, p <0.05, y = 0.15x + 1.31) as well as the 
maximum width in the horizontal direction of the defect 
(r = 0.82, p <0.01, y = 0.08x + 0.92). 


DISCUSSION 

Two-dimensional Doppler echocardiography has be- 
come the most useful noninvasive method to diagnose 
and evaluate ASD.!-5 However, the image quality of 
conventional precordial echocardiograms is often com- 
promised by obesity, chest deformities and changes in 
the chest wall with age. Transesophageal echocardiog- 
raphy can obtain a superior image quality from its 
retrocardiac perspective that circumvents limiting chest 
wall configuration, lung tissue or intracardiac obstruc- 
tion to ultrasound penetration. Color Doppler flow im- 
aging obtained by the transesophageal approach further 
increased the diagnostic information. The maximum 
width of the defect in the horizontal direction could be 
obtained precisely in all patients with secundum ASD; 
however, in 2 of 11 patients, the vertical length of the 
defect could not be measured by transesophageal echo- 


Y = 1.05X - 6.15 
r = 0.85 
Pp <0.01 
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cardiography, because the vertical length of the defect 
was so small as confirmed by surgery (cases 4 and 5, 
Table I). 

In our study, the maximal width in the horizontal 
direction measured by transesophageal echocardiogra- 
phy was in accordance with the major axis measured by 


ee 
O 


Y = 0.86X + 0.19 
r = 0.87 
P < 0.01 
N=8 
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FIGURE 5. Correlation between left-to-right shunt flow vol- 
ume that was determined by transesophageal echocardiogra- 
phy and that by cardiac catheterization in 8 patients. TEE = 
transesophageal echocardiography. 
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Shunt flow volume 
by catheter measurement (l/min) 


Y = 0.08X + 0.92 


surgical findings (Figure 4A), and the length in the ver- 
tical direction showed a near agreement with the minor 
axis (Figure 4B). However, these values obtained by the 
2 different methods were not identical. We should take 
into account the possibility that the size measured dur- 
ing open-heart surgery may be smaller than the actual 
size because the atria is not filled by blood. Therefore, it 
is possible that the size of ASD measured by transe- 
sophageal echocardiography represents “functional 
size” during beating condition rather than “anatomical 
size” during surgery. 

Several echocardiographic methods!4-!7 have been 
previously reported to be useful in the estimation of the 
magnitude of the shunt flow in patients with ASD. For 
the quantitative assessment of ASD, Kitabatake et al!5 
and Valdes-Cruz et al!® calculated the pulmonary and 
the systemic flow from the Doppler flow signals in the 
right ventricular and the left ventricular outflow tracts, 
respectively. They showed close correlation between the 
ratio of pulmonary to systemic flow obtained by echo- 
cardiography and that from cardiac catheterization. 
However, such Doppler-determined ratio of pulmonary 
to systemic flow is influenced by aortic or pulmonary 
valve stenosis and/or regurgitation to a variable degree. 
Some investigators have reported that the direct mea- 
surement of the velocity of the transatrial septal flow 
from the subcostal view’ or from the right parasternal 
view'® correlates closely with the ratio of pulmonary to 
systemic flow obtained by cardiac catheterization in 
ASD. Our study, however, showed no correlation be- 
tween the ratio of pulmonary to systemic flow and the 


FIGURE 6. Correlation between pulmo- 
nary flow volume/systemic flow volume 
(Qp/Qs) ratios determined at cardiac cath- 
eterization and mean shunt flow velocity 
measured by transesophageal echocardi- 
ography (TEE, A), shunt flow volumes that 
were calculated by Fick’s method (B), 
shunt flow volumes that were calculated 
by TEE (C) and horizontal width of the de- 
fect by TEE. 
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mean shunt flow velocity measured by transesophageal 
echocardiography. Although not significant, there was a 
tendency to reverse correlation between mean velocity 
of the shunt flow and the ratio of pulmonary to systemic 
flow obtained by cardiac catheterization (Figure 6A). It 
is well known that the mean pressure gradient between 
the left atrium and the right atrium through a cardiac 
cycle in ASD is approximately only 2 mm Hg.!? It is 
unlikely, therefore, that shunt flow velocity is the pri- 
mary determinant of the shunt flow volume. Recently, 
the usefulness of a Doppler color-flow imaging system 
in detecting shunt flow in ASD was reported.”? Pollick 
et al2! showed a significant correlation between the 
width of the transatrial jet observed inside the ASD by 
Doppler color-flow imaging and the ratio of pulmonary 
to systemic flow in adult patients with secundum ASD. 
The close correlation between the shunt flow volume 
measured by transesophageal Doppler echocardiogra- 
phy and the ratio of pulmonary to systemic flow derived 
from cardiac catheterization in this study indicates con- 
ceptual overlap with the width of the shunt flow jet re- 
ported by Pollick et al?! and the major axis in the hori- 
zontal direction of the defect. Therefore, it is likely that 
the size of ASD is a more important factor in determin- 
ing the shunt flow volume than the mean shunt flow 
velocity. 

Our study reveals the applicability of transesophage- 
al 2-dimensional Doppler echocardiography to visual- 
ization of the interatrial septal defect and its shunt flow. 
Further improvement in the transesophageal probe is 
necessary for measuring the bidirectional defect size 
precisely. Measurement from biplane echograms (trans- 
verse and sagittal scan planes) using a single transducer 
would be favorable. 

Transesophageal echocardiography offers and adds 
to the cardiac ultrasound modalities for diagnosis and 
quantitation of ASD in adults. It should be considered 
as a diagnostic alternative in patients with inadequate 
or nondiagnostic results by transthoracic approach. 
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EDITORIALS 


Relation of Thrombolysis During 
Acute Myocardial Infarction 
to Left Ventricular Function and Mortality 


Harvey D. White, MB 


left ventricular (LV) function was the most im- 

portant prognostic factor after recovery from 
acute myocardial infarction and that there was a curvi- 
linear relation between ejection fraction and mortali- 
ty.!? After thrombolytic therapy, achievement of paten- 
cy of the infarct-related artery may confer additional 
benefits to those achieved by reduced infarct size and 
preservation of LV function.+ The significance of LV 
function as a criterion for the efficacy of thrombolytic 
therapy, and its relation to mortality, is now the subject 
of debate. 

Preservation of LV function is closely related to pa- 
tency of the infarct-related artery. After successful 
thrombolysis with reperfusion of the infarct-related ar- 
tery, the ejection fraction improves. If reperfusion does 
not take place, no change or often deterioration in LV 
function results. 

Effect of thrombolysis on left ventricular function: 
Several studies have compared streptokinase to placebo 
and tissue plasminogen activator to placebo.5-? Two of 
these studies have evaluated patients with first infarc- 
tions only.>° In our laboratory, the mean ejection frac- 
tion after a first infarction is 53 + 13.5%: in normal 
subjects without coronary disease it is 71 + 7%. After 
thrombolytic therapy, the mean ejection fraction is ap- 
proximately 59%. Thrombolysis has therefore achieved 
about one third of what is possible in terms of returning 
resting ejection fraction toward normal.!° 

End-systolic volume and long-term survival: Al- 
though the resting global ejection fraction is a very pow- 
erful prognostic factor, end-systolic volume has been 
shown to be even more important.! Like ejection frac- 
tion, end-systolic volume is dependent on both afterload 
and contractility but is independent of preload. 

In comparison with ejection fraction, which de- 
creases by 25%, and end-diastolic volume, which in- 
creases by 10 to 20% after infarction, end-systolic vol- 
ume increases by 50% and is the best variable to charac- 
terize the amount of LV damage.!° The additional 
predictive power of end-systolic volume is seen when the 
ejection fraction is <50%.! 


Be the thrombolytic era, it was well proven that 
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Effect of thrombolysis on left ventricular volumes: 
After thrombolytic therapy with streptokinase, we 
showed that patients’ LV end-systolic volumes were 18 
ml lower 3 weeks after infarction.> Thrombolytic thera- 
py not only decreases infarct size but also decreases in- 
farct expansion and dilatation of the ventricle. In a 
head-to-head comparison of the effects of tissue plas- 
minogen activator and streptokinase on LV function, we 
found that the 2 agents had remarkably similar effects 
on ejection fraction.'' However, the end-systolic volume 
was 8 ml lower in patients with anterior infarctions 
treated with streptokinase, which has a more marked 
afterload-reducing effect (difference not significant). It 
remains to be seen whether adjunctive therapy with 
agents such as angiotensin-converting enzyme inhibitors 
will add to the very substantial benefit achieved by 
thrombolytic therapy. 

Numbers of patients required for clinical trials: The 
effects of thrombolysis on mortality should not be con- 
cluded from small trials that have insufficient statistical 
power. In sizing calculations for randomized trials, large 
numbers of patients are required for mortality trials.!° 
For a mortality trial in which the baseline mortality rate 
is about 10% (as it was before thrombolysis), several 
thousand patients are required. This is because mortali- 
ty is measured as an endpoint in only 10% of the pa- 
tients and is not a continuous variable. Now that the 
mortality rate is about 5%, the numbers of patients re- 
quired are even larger (15,000 to 20,000). 

For a trial of LV function, ejection fraction can be 
measured in most patients and is a continuous variable. 
A trial of 200 to 300 patients can have the same statisti- 
cal power (beta error 80%, alpha error 0.05) as a mor- 
tality trial of thousands of patients. It is therefore poten- 
tially confusing to emphasize mortality differences in 
small LV function trials. For example, in our LV func- 
tion trial of intravenous streptokinase, we found the 
largest reduction in mortality reported for thrombolytic 
therapy (81% relatively from 12.9% to 2.5%, p = 
0.012).° Because this was an LV function trial, the sur- 
vival benefit could have occurred by chance. In another 
trial of thrombolysis with tissue plasminogen activator, 
30-day mortality was, in fact, higher (7 deaths in the 
tissue plasminogen activator group [9.6%] vs 2 in the 
placebo [2.8%], p = 0.09) in the thrombolytic-treated 
patients.® 

Relation between left ventricular function, throm- 
bolysis and long-term survival: It has been asserted 
that no thrombolytic trial has shown a Statistically sig- 





nificant beneficial effect for both LV function and sur- 
vival.!2 However, in the Interuniversity Study of 533 
patients both survival and LV function improved in pa- 
tients whose invasive strategy consisted of intracoronary 
streptokinase or intravenous streptokinase or angio- 
plasty or some combination of these.!>!4 This trial was 
designed to address whether opening up a coronary ar- 
tery by whatever means possible would improve surviv- 
al. In our trial of intravenous streptokinase versus place- 
bo in 172 patients, LV function was also improved by 
6% (absolute) (p <0.005), and 30-day survival im- 
proved.’ In this study, the primary endpoint was LV 
function of patients with first infarctions. We also ran- 
domized patients with second infarctions but, as would 
be expected with such a heterogenous group, there was 
only a trend for improvement of LV ejection fraction 
(3.3%, p = 0.09). In addition to the heterogeneity of 
second infarctions, recurrent infarcts in the same terri- 
tory are usually smaller. Thus, benefit for preservation 
of LV function with thrombolysis would not be expected 
to be as great as for first infarctions.'> For studies of LV 
function, it is important to evaluate patients with first 
infarctions.>®!! Clearly, including patients with baseline 
ejection fractions of 20 to 30% would make it very likely 
that 2 randomized groups of patients would have a 
baseline inequality of the primary endpoint. In addition, 
a recurrent inferior infarction after an inferior infarct is 
different (probably much smaller with less LV dysfunc- 
tion) from an anterior infarct plus a previousinferior in- 
farct. This is particularly important when angiograms 
are done at only 1 point late in the trial. 

The European Cooperative Study Group random- 
ized 721 patients to receive either tissue plasminogen 
activator or placebo. There was a 2.2% improvement in 
ejection fraction for patients treated with tissue plas- 
minogen activator. For patients with first infarctions, 
there was no difference in global ejection fractions. 
There was a trend (not conventionally significant) for 
mortality to be reduced. It is possible that the reason for 
the small ejection fraction difference is due to the fact 
that patients with poor LV function were saved from 
dying by thrombolytic therapy. However, if this were 
the case, one would not expect thrombolytic trials to 
show a lower incidence of heart failure in patients treat- 
ed with thrombolytic therapy.’ Our data show that not 
only is the mean ejection fraction improved, but the 
number of patients with ejection fractions <40% is de- 
creased.’ Before the thrombolytic era, about 20% of pa- 
tients left the hospital after a first infarction with an 
ejection fraction <40%. Now the number of patients in 
this category is about 10%. Clearly, each of these LV 
function trials is too small for firm conclusions to be 
drawn about mortality benefit. 

Beneficial effects of late thrombolysis: In the Sec- 
ond International Study of Infarct Survival, survival 
was improved when streptokinase was given beyond the 
traditionally accepted window of 4 to 6 hours for sal- 
vage of myocardium.!6 The odds reduction for mortality 
at 35 days was 35% for treatment within 4 hours, 16% 
for treatment between 5 and 12 hours and 21% for 


treatment between 13 and 24 hours. The mechanism for 
this late benefit is uncertain. It has been hypothesized 
that late reperfusion could reduce LV dilatation and 
therefore improve prognosis by reducing end-systolic 
volume.? After infarction, there is expansion of both the 
infarct and noninfarct zones and dilatation of the ventri- 
cle. Late reperfusion may increase the tensile strength 
of the infarct zone and ventricular dilatation may be 
decreased.!7:!8 There are in addition other mechanisms 
that could decrease LV dilatation; late reperfusion can 
accelerate infarct zone healing, blood in a patent in- 
farct-related artery could splint the infarct zone by act- 
ing as a skeleton and salvage of islets of epicardium 
could also act as a splint. 

Importance of patency of the infarct-related artery 
and relation to left ventricular function and survival: 
Achievement of patency of the infarct-related artery 
may well confer benefits in terms of reduced mortali- 
ty,!920 reduced arrhythmias”! or reduced LV dilata- 
tion.) There are, however, no data to show by multi- 
variate analysis that patency of the infarct-related 
artery is superior to LV function as a long-term prog- 
nostic factor. Indeed, in the Interuniversity Study, 
which now has a 5-year follow-up, the only factor of 
prognostic importance was LV function, and patency of 
the infarct-related artery was not a prognostic factor.” 
In the Western Washington trial of intracoronary strep- 
tokinase,!%.23 early mortality was improved and long- 
term survival was significantly improved in patients 
with sustained reperfusion compared to patients in 
whom the infarct artery either did not reperfuse or re- 
occluded. Overall there was no improvement in LV 
function as intervention was late, up to 12 hours after 
onset of infarction. However, on multivariate analysis, 
LV ejection fraction measured at day 3 was more pre- 
dictive of survival than patency.” Indeed, only the ejec- 
tion fraction measured on day 3 (p <0.001) and age (p 
= 0.005) were significant predictors. In the Thromboly- 
sis and Angioplasty in Myocardial Infarction Trial, 
ejection fraction has been shown to be the most impor- 
tant predictor of hospital survival (chi-square = 6.6) on 
multivariate analysis, along with complete filling of the 
infarct-related artery at angiography (chi-square = 
4.2).24 Long-term follow-up (at 18 months) in this study 
in patients in whom intensive medical management was 
given has shown that out-of-hospital mortality is low at 
3.8% and that ejection fraction is higher in survivors 
(52%) than in nonsurvivors (46%).*° Because of the low 
event rate, analysis of the prognostic role of the patent 
artery is not possible. 

Although LV function is closely related to mortality, 
they are not synonymous. The early survival benefit of 
thrombolytic therapy clearly cannot be predicted by lat- 
er measurement of LV function. It is of interest, how- 
ever, that in both the Italian Streptokinase Mortality 
Trial2° and the Second International Study of Infarct 
Survival,!® there was no mortality reduction on day 
1 and the mortality curves did not begin to diverge for 
several days. This is partly due to an increase in early 
cardiac rupture with thrombolytic therapy. In the 
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APSAC Intervention Mortality Study at 1 year, the 
mortality curves are diverging (5.8% absolute difference 
at 30 days and 8.6% at 1 year), implying that there is a 
continuing beneficial effect of thrombolytic therapy.2’ 
Perhaps improved LV function or continuing patency of 
the infarct-related artery could be adding to the mortal- 
ity benefit. The survival curves in the Interuniversity 
Study are also diverging. For patients with anterior in- 
farctions, the difference at 1 year was 11% (absolute) 
between patients treated with streptokinase and the con- 
trol group, and at 5 years the difference was 16%.22 As 
noted, LV function was the only prognostic factor found 
to be significant in this study. 

The benefit of patency cannot be extrapolated di- 
rectly to mortality or patient benefit. This has clearly 
been shown by the trials of early angioplasty after 
thrombolytic therapy. When patency of the artery was 
achieved, it did not result in improved LV function or 
mortality. In fact, mortality was higher in each of 3 
trials of early angioplasty.283° The Anglo-Scandina- 
vian Study of Early Thrombosis also concluded, after 
reviewing the large thrombolytic mortality trials, that 
there was no direct relation between reperfusion effica- 
cy and improved survival.3! 

LV function appears to override other prognostic 
factors. If the ejection fraction is >50%, then prognosis 
is generally good, regardless of whether there is 3-vessel 
coronary artery disease or ventricular arrhythmias. 
When the ejection fraction is <40%, prognosis is usually 
poor. Within the group of patients with low ejection 
fractions, there are patients with differing prognoses. 
For example, patients with an ejection fraction of <40% 
and an end-systolic volume <130 ml have a 27% better 
5-year survival than patients with the same ejection 
fraction and end-systolic volumes >130 ml.! It may be 
better to have an ejection fraction of 50% with a 
blocked infarct-related artery than to have an ejection 
fraction of 40% with an open infarct-related artery. 

Thrombolysis clearly improves survival after the on- 
set of an acute coronary occlusion. Early reperfusion 
with salvage of myocardium will save some patients 
with cardiogenic shock and some lives will be saved by 
reduced frequency of ventricular fibrillation. However, 
some patients could be harmed by bleeding or increased 
frequency of cardiac rupture. It appears that a major 
mechanism of the survival benefit of thrombolytic ther- 
apy is through preservation of LV function. If the ejec- 
tion fraction is improved or, more importantly, end-sys- 
tolic volumes are made smaller, then long-term survival 
will be improved. 

Conclusions: Mortality as a trial endpoint assesses 
only 1 possible aspect of patient benefit from a thera- 
peutic intervention. To assess the overall balance of ben- 
efit and adverse effect, large mortality trials of approxi- 
mately 20,000 patients are required. These trials are 
expensive and although the Italian Streptokinase Mor- 
tality Trial Group and the International Studies of In- 
farct Survival organizations have shown that they can 
be done, they can really only assess early mortality be- 
cause of the difficulties of following large numbers of 
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patients on a long-term basis. These trials do not assess 
quality of life, symptomatic status, exercise Capacity or 
mechanisms of benefit. 

Smaller trials with endpoints such as LV function, 
particularly end-systolic volume, will also be necessary 
to evaluate the effects of the many new therapies avail- 
able for the treatment of acute myocardial infarction. 
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What is an Antiarrhythmic Drug? From Clinical 
Trials to Fundamental Concepts 


Stanley Nattel, MD, and David Waters, MD 


“When I use a word,” Humpty Dumpty said, in 
rather a scornful tone, “it means just what I choose it 
to mean—neither more nor less.” —Through the Look- 
ing-Glass 


he term “antiarrhythmic drug” is widely used, 
but its precise meaning is poorly defined. Agents 


such as quinidine, lidocaine and flecainide are 
immediately recognized as antiarrhythmic drugs be- 
longing to classes IA, B, and C of the current antiar- 
rhythmic drug classification. 8 blockers are allotted to a 
specific category (II) of the same classification, but are 
often not considered “true” antiarrhythmic drugs in the 
same sense as class I compounds. Digitalis is one of the 
most widely used drugs to treat supraventricular ar- 
rhythmias, but it is not included in the standard antiar- 
rhythmic drug classification.' Antiplatelet agents and 
hypolipidemic drugs are certainly not considered to be 
antiarrhythmic agents, although they may ultimately 
prove to prevent certain lethal arrhythmias more effec- 
tively than drugs widely considered to be antiarrhyth- 
mic. 

What, then, really is an “antiarrhythmic drug”? The 
single feature common to compounds that bear this la- 
bel is an ability to suppress premature complexes. Anti- 
arrhythmic drugs are rarely used, however, solely to 
suppress premature complexes. Their purpose is, rather, 
to prevent or terminate sustained tachyarrhythmias that 
can result in morbidity or mortality. 

Closer consideration suggests that past use of the 
term “antiarrhythmic drug” implies an association be- 
tween a drug’s ability to suppress premature beats and 
its effectiveness against sustained tachyarrhythmias. 
Underlying this implied association is what may be 
termed the “electrical accident” theory. This idea is 
based on the observation that critically timed premature 
beats can initiate reentrant tachycardias.2 Its applica- 
tion, dating back to the early days of the coronary care 
unit, holds that suppressing premature ventricular com- 
plexes (PVCs) (that fall in a vulnerable part of the car- 
diac cycle, initiate a chaotic disorganization of cardiac 
electrical activity and result in ventricular fibrillation 
and death) can prevent lethal arrhythmias after infarc- 
tion. The effectiveness of lidocaine in suppressing ven- 
tricular ectopy after acute myocardial infarction, 
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which apparently results in the prevention of ventricular 
fibrillation,* led to more widespread attempts at sup- 
pressing ventricular ectopy in the hope of preventing 
sudden cardiac death. The medical community yearned 
for an orally active agent which would transfer the 
benefits associated with intravenous lidocaine to the 
long-term treatment of patients with chronic ventricular 
ectopy. 

With the development of the lidocaine congeners, to- 
cainide and mexiletine, that goal seemed in sight. Great 
was the confusion, therefore, when a controlled compar- 
ison between mexiletine and placebo treatment in post- 
infarction patients showed no significant difference in 
the incidence of sudden cardiac death.’ In fact, al- 
though the number of events was small, the sudden 
death rate was almost twice as high among mexiletine- 
treated patients as among placebo control subjects. The 
failure of mexiletine in this study was attributed to the 
lack of selection of a high-risk population (based on 
PVC frequency) for intervention and the relative weak- 
ness of mexiletine in suppressing chronic ventricular ec- 
topy. 

The Cardiac Arrhythmia Suppression Trial (CAST) 
study did not share these deficiencies. It used agents 
that were known colloquially as “PVC killers,” which 
are Class IC drugs that are singularly effective at sup- 
pressing ventricular ectopy at well tolerated doses.” Pa- 
tients were chosen on the basis of a combination of cor- 
onary artery disease and frequent ventricular ectopy 
and the trial was elegantly conceived so as to both tailor 
therapy to the individual patient and maintain a double- 
blind, randomized, placebo-controlled design. This 
study, so well designed to show the benefits of suppress- 
ing ventricular ectopy in preventing sudden cardiac 
death, seemed to show the opposite. There was wide- 
spread amazement and confusion when the preliminary 
results of CAST were publicized. The potential implica- 
tions of CAST for clinical practice, the pharmaceutical 
industry and government regulatory agencies are enor- 
mous and are under extensive ongoing evaluation. The 
consequences for how we think about antiarrhythmic 
drugs are no less significant and should not be over- 
looked. 

Sudden cardiac death as a target for antiarrhyth- 
mic drug action: Careful consideration of the sudden 
cardiac death syndrome highlights the pitfalls of label- 
ling a specific class or classes of compounds as “antiar- 
rhythmic” agents. It has long been known that the most 
commonly recorded rhythm in patients with sudden 
death is ventricular fibrillation.?!° Recent work indi- 
cates that the ventricular fibrillation Causing sudden 





death is usually preceded by a more organized ventricu- 
lar tachyarrhythmia.'!-'4 Furthermore, the prevalence 
of ventricular ectopy is an important predictor of the 
likelihood of sudden death among patients with coro- 
nary artery disease.!5-!8 It is logical, therefore, to as- 
sume that sudden coronary death results from an “elec- 
trical accident,” i.e., when a ventricular premature beat 
falls during a critical portion of the electrical cycle and 
initiates ventricular fibrillation. Therefore, suppressing 
such PVCs should prevent sudden death. 

The only flaw in this simple and attractive argument 
is that the evidence from clinical trials does not support 
it. CAST is only the latest in a series of studies which 
have failed to show any benefit of PVC-suppressant 
therapy in decreasing sudden death mortality after 
myocardial infarction.'? All of the trials preceding 
CAST had important design flaws. Proponents of the 
electrical accident-PVC suppression approach can take 
solace in the known proarrhythmic potential of class IC 
drugs? in trying to explain away the CAST results. 

When examined in the light of broader clinical trials 
~ and basic scientific reports, however, the inefficacy of 
PVC-suppressant therapy in preventing sudden coro- 
nary death can be better understood. One of the major 
weaknesses of the “electrical accident” approach is that 
it treats ventricular tachyarrhythmias as purely electri- 
cal phenomena and ignores the pathophysiologic role of 
acute myocardial ischemia in sudden coronary death. 
Multivessel coronary artery disease is disproportionately 
common among patients with sudden death,?!?? with 
over 75% stenosis of at least 3 coronary arteries present 
among the majority of sudden death victims.” Long- 
segment lesions with evidence of active ulcerations are 
common among survivors of cardiac arrest.”* Pathologic 
evidence of recent myocardial infarction was noted by 
Rissanen et al? in 77% of sudden death victims. En- 
zyme evidence of acute myocardial infarction or a se- 
vere ischemic event was detected in 78% of patients re- 
suscitated from cardiac arrest in another series.”° 

Acute myocardial infarction in experimental animals 
is associated with a substantial incidence of ventricular 
fibrillation, related to the mass of the ischemic zone.”’ 
Conduction slowing through acutely ischemic tissue is a 
sine qua non for the occurrence of reentrant ventricular 
tachyarrhythmias, including fibrillation.” Type I anti- 
arrhythmic drugs tend to exaggerate ischemia-induced 
conduction slowing and might be expected to increase 
the likelihood of ischemic ventricular fibrillation. Since 
class IC antiarrhythmic drugs are particularly potent 
sodium channel-blockers (and therefore conduction 
slowers), they might be especially likely to produce this 
type of effect. Years ago, the IC agent aprindine was 
found to predispose dogs to ischemic ventricular fibrilla- 
tion.2930 More recently, flecainide (one of the CAST IC 
drugs) was shown to have similar properties.*! 

If ischemic ventricular fibrillation is an important 
cause of sudden coronary death, as suggested by the 
clinical data described above, the detrimental effects of 
the IC drugs flecainide and encainide are readily under- 
stood in the context of these basic experimental find- 
ings. Furthermore, one would expect interventions that 


reduce the extent or consequences of acute ischemia, 
such as 8 blockade and coronary artery bypass surgery, 
to prevent sudden cardiac death. Long-term £ blockade 
decreases the incidence of sudden death after myocardi- 
al infarction,3273 an effect that parallels the ability of 6 
blockers to prevent ventricular tachyarrhythmias in the 
canine acute myocardial infarction model.** In the Cor- 
onary Artery Surgery Study, surgical therapy decreased 
the incidence of sudden death among patients with tri- 
ple-vessel coronary artery disease,*> despite a lack of ef- 
fect on overall mortality in this population. Antiplatelet 
drugs have also been found to reduce sudden death after 
myocardial infarction, an effect that may be due to 
prevention of platelet thrombus formation at the site of 
complex atherosclerotic lesions. Such complex lesions 
are comimoniy seen in patients with previous cardiac ar- 
rest.?? 

Do traditional antiarrhythmic drugs then have any 
role to play in preventing sudden coronary death? Just 
as it is inappropriate to attribute all sudden death to an 
“electrical accident,” it would be incorrect to portray 
sudden coronary death as a single pathophysiologic enti- 
ty resulting from acute myocardial ischemia. Some pa- 
tients have no evidence of an acute ischemic event pre- 
ceding their cardiac arrest.*>° Electrophysiologic stud- 
ies frequently reveal an abnormal myocardial substrate 
that can support reentrant ventricular tachyarrhythmias 
in survivors of cardiac arrest unassociated with acute 
myocardial infarction.?”8 Altering the arrhythmogenic 
substrate by antiarrhythmic drugs or arrhythmia sur- 
gery to eliminate the ability to support reentry may im- 
prove the outcome in such individuals.** Drugs that pro- 
long the ventricular refractory period are most likely to 
be effective in preventing reentry, while potent sodium 
channel blockade (associated with the most effective 
PVC suppression) slows conduction and tends to favor 
reentry. Because the effect of a drug on the ability to 
support reentry is not predictable a priori and because 
most individual drugs are effective in only a minority of 
patients, this information cannot be applied to the pre- 
vention of sudden death in a population. It may, none- 
theless, be very useful in the management of individuals 
resuscitated from cardiac arrest. 

Finally, it must be pointed out that the roles of the 2 
pathophysiologic factors described previously, acute is- 
chemic events and a chronic substrate that can support 
reentry, are not necessarily independent. In a population 
with coronary artery disease, the ability to induce ven- 
tricular reentry is determined by the presence of slowly 
conducting surviving tissue in the border around a 
healed myocardial infarction.*? Among experimental 
animals, a very effective and reproducible model of sud- 
den death due to ventricular fibrillation results when 
myocardial ischemia is induced in a separate territory 
from a preceding myocardial infarction.*°*! Thus, while 
either mechanism can produce sudden death alone, it is 
particularly likely that the combination of an acute is- 
chemic event with a chronic substrate that can support 
reentry will cause lethal ventricular arrhythmias. 

While sudden coronary death is usually due to ven- 
tricular fibrillation, PVC-suppressing antiarrhythmic 
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drugs do not prevent, and may in some circumstances 
actually facilitate, sudden death. In contrast, antiische- 
mic interventions such as 8 blockers, coronary bypass 
surgery and antiplatelet drugs seem to prevent sudden 
arrhythmic death in specific subgroups of patients with 
coronary artery disease. These results can be understood 
in terms of the probable mechanisms of sudden coro- 
nary death, with ventricular reentry due to slow conduc- 
tion in an acutely ischemic myocardium playing a cen- 
tral role in most cases and reentry in the border zone 
around an old infarction playing a primary role in some 
cases and a contributory role in others. 

Implications for the term “antiarrhythmic drug”: 
We now return to the original question: what is an anti- 
arrhythmic drug? Obviously, it is a drug that termi- 
nates or prevents an arrhythmia. Recognizing this, we 
must acknowledge that the antiarrhythmic activity of a 
compound will depend upon its pharmacologic actions 
and the mechanism of a given arrhythmia. Agents that 
are very effective against 1 type of arrhythmia may not 
alter, or may even worsen, another. For example, type 
IC drugs are very effective for the suppression of PVCs 
and are useful for the prevention of atrial fibrillation, 
atrioventricular reentrant tachycardia and some forms 
of recurrent ventricular tachycardia. Their pharmaco- 
logic properties make them undesirable agents for the 
routine prophylaxis of sudden cardiac death in patients 
with coronary artery disease and PVCs. They are there- 
fore sometimes “antiarrhythmic” and sometimes clearly 
not so. 6 blockers, on the other hand, are not very effec- 
tive in suppressing PVCs and are not the drugs of first 
choice for treating any recurrent tachyarrhythmias ex- 
cept for those associated with the congenital long QT 
syndrome. They are, however, the single group of drugs 
most consistently shown to prevent sudden cardiac 
death. 

Perhaps we should not classify drugs as “antiar- 
rhythmic agents” per se. The property that traditionally 
characterized an “antiarrhythmic drug” was suppres- 
sion of premature atrial or ventricular complexes. It was 
assumed, by the “electrical accident” theory, that a 
drug which suppressed ectopic beats would also prevent 
more serious tachyarrhythmias and therefore be “anti- 
arrhythmic” in a more general sense. Rather than call- 
ing specific compounds “antiarrhythmic drugs,” we 
should perhaps classify drugs according to their phar- 
macologic mechanism(s) of action and speak of “antiar- 
rhythmic properties” against a given arrhythmia. For 
example, flecainide might be thought of as a potent so- 
dium channel-blocker that has antiarrhythmic proper- 
ties in the suppression of ventricular ectopic beats, but 
tends to increase the risk of sudden death in patients 
with coronary artery disease and a previous myocardial 
infarction. Propranolol could be described as a 8-adre- 
nergic receptor antagonist, with limited antiarrhythmic 
effects against ectopic beats but of value in preventing 
sudden arrhythmic death in patients with ischemic 
heart disease. 

There are 3 potential advantages of considering anti- 
arrhythmic properties as a consequence of more funda- 
mental drug actions, rather than as a characteristic of a 
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drug class (or classes). First, it would allow for a better 
appreciation for the varying effects of drugs on arrhyth- 
mias with different mechanisms (as stated previously 
for IC agents and 6 blockers). Second, it would sensitize 
physicians to the potential beneficial effects against ar- 
rhythmias of agents not usually considered “antiar- 
rhythmic.” Antiplatelet drugs and lipid-lowering agents, 
for example, may alter the progression of coronary ar- 
tery disease and therefore be more effective in prevent- 
ing ischemic ventricular fibrillation than traditional so- 
dium channel-blocking “antiarrhythmic drugs.” Vasodi- 
lator agents may similarly be beneficial in preventing 
sudden arrhythmic death in patients with congestive 
heart failure, an issue likely to be resolved in current 
ongoing clinical trials. Finally, the approach proposed 
allows for readier incorporation of drugs that are antiar- 
rhythmic by novel mechanisms. Compounds have been 
developed which activate potassium channels‘? and 
which block the adenosine triphosphate-dependent po- 
tassium channel.*? Other agents may be developed 
which act at precise steps in the pathogenesis of specific 
arrhythmias. These substances, while not “antiarrhyth- 
mic” in the sense of suppressing ambient ectopy, may 
have very effective antiarrhythmic properties against 
specific types of cardiac arrhythmias. 

We must move from thinking about cardiac arrhyth- 
mias as “electrical accidents” to understanding the com- 
plex interplay between pathologic substrates and ar- 
rhythmia mechanisms. Such an understanding is essen- 
tial for more effective treatment of arrhythmias and can 
only result from critical consideration of evidence from 
both clinical trials and fundamental research. 


“I am pleased, however, to see the efforts of hypo- 
thetical speculation, because by the collision of differ- 
ent hypotheses, truth may be elicited and science ad- 
vanced in the end.” Thomas Jefferson, 1743-1826 
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Effect of Rate Augmentation and Isoproterenol on the Amplitude 
of Atrial and Ventricular Electrograms 


Shimon Rosenheck, MD, Stephen Schmaltz, MPH, Alan H. Kadish, MD, and Fred Morady, MD 


Re studies have shown a decrease in the amplitude 
of intracardiac electrograms during exercise in pa- 
tients with permanent pacemakers.'> However, the 
mechanism by which exercise decreases the amplitude of 
the intracardiac electrograms has not been investigated. 
Because exercise is associated with both an increase in 
heart rate and an increase in circulating catechol- 
amines,*» the purpose of this study was to determine how 
these factors influence the amplitude of the atrial and 
ventricular electrograms. 

Twenty-one patients were selected from among a 
pool of patients undergoing a clinically indicated elec- 
trophysiology test for evaluation of ventricular or supra- 
ventricular tachycardia or unexplained syncope. The cri- 
_ teria used to select subjects for this study were the fol- 
lowing: sinus rhythm at a cycle length >600 ms; the 
presence of 1:1 atrioventricular conduction during atrial 
pacing at a cycle length of 500 ms and 400 ms; and stable 
atrial electrograms in the baseline state, defined as a 
difference of <15% between the mean amplitude of 10 
beats at the beginning of the clinical study and before the 
isoproterenol infusion. The study group consisted of 13 
men and 8 women and their mean age was 48 + 14 years 
(mean + standard deviation). Five patients had coronary 
artery disease or a dilated cardiomyopathy along with a 
left ventricular ejection fraction of 18 to 30% and 16 
patients had no structural heart disease. E lectrophysiol- 
ogy studies were performed in the fasting, unsedated 
state after informed consent was obtained and Z5 half- 
lives after discontinuation of therapy with antiarrhyth- 
mic and B-adrenergic blocking agents. Two or 3 quadri- 
polar electrode catheters (1 cm interelectrode spacing) 
were positioned in the right atrium, His-bundle position 
and right ventricular apex. Leads V, I and III and the 
intracardiac electrograms were recorded at a paper 
speed of 100 mm/s. The atrial and ventricular electro- 
grams were recorded at filter settings of 50 to 500 hertz 
and at gain settings of 5 to 20 mm/mv. Pacing was 
performed with a programmable stimulator using 2 ms 
stimuli at twice the diastolic threshold. The distal pair of 
electrodes of the quadripolar catheters were used for 
bipolar pacing and the proximal pair for recording the 
intracardiac electrograms. 

The study protocol was approved by the human re- 
search committee. Twenty consecutive atrial and ventric- 
ular electrograms were recorded and measured during 
sinus rhythm and during atrial pacing at cycle lengths of 
500 and 400 ms. The amplitude of each electrogram was 
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TABLE I Atrial Electrogram Amplitudes at Baseline and After 
Isoproterenol Infusion 


Atrial Pacing 
Sinus Rhythm 


(mV) 500 ms 


1.42 + 1.02 1.25+0.75 1.34 + 0.88 
1.75 +1.3* 1.68 + 1.28* 1.71+1.44* 
There were no significant differences between sinus rhythm and atrial pacing at 


500 and 400 ms. 
* p <0.05 compared to baseline. 


Baseline 
Isoproterenol 


TABLE Ii Ventricular Electrogram Amplitudes at Baseline 
and After Isoproterenol Infusion 


Atrial Pacing 
Sinus Rhythm 
(mV) 


5.38 + 2.6 
6.52 + 2.91 


500 ms 


6.144 3.2* 
6.47 +3.2 


6.89 + 3.1 
6.88 + 3.1 


Baseline 


Isoproterenol 

There were no significant differences between 500 and 400 ms baseline or during 
isoproterenol infusion and no significant differences between sinus rhythm and 500 
or 400 ms atrial pacing during isoproterenol infusion. 


* p <0.001 compared to sinus rhythm (baseline); t p <0.002 compared to base- 
line. 


measured manually to the nearest millimeter. Intra- 
observer variability was evaluated and the reliability 
coefficient for the measurement of both the ventricular 
and atrial electrograms was 0.99. The reliability coeffi- 
cient between observers was 0.96 for the ventricular elec- 
trograms and 0.99 for the atrial electrograms. After 
baseline measurements, isoproterenol was infused intra- 
venously at a dose of 25 ng/kg/min for 8 minutes, then 20 
consecutive atrial and ventricular electrograms were re- 
corded at the same site and at the same amplification as 
the baseline recording. In each patient, the mean ampli- 
tude of 20 consecutive atrial and ventricular electro- 
grams was used for analysis. The effect of rate on the 
ventricular electrogram was determined by comparing 
measurements during sinus rhythm and atrial pacing. 
However, because of a difference in atrial activation 
during sinus rhythm compared to atrial pacing, the ef- 
fect of rate on the atrial electrogram was determined 
only by comparison of 2 atrial pacing cycle lengths. The 
effects of isoproterenol and an increase in heart rate on 
the atrial and ventricular electrograms were evaluated 
using an unbalanced repeated measures analysis of vari- 
ance with structural covariance matrixes. Multiple 
comparisons were performed using Fisher's least signifi- 
cant difference multiple comparison procedure. A p val- 
ue <0.05 was considered statistically significant. 

The results are listed in Tables I and II. An increase 
in rate had no effect on the amplitude of the atrial 
electrogram. Isoproterenol shortened the mean sinus cy- 
cle length from 755 + 133 to 526 + 105 ms (p <0.001). 
Isoproterenol significantly increased the amplitude of 
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the atrial electrogram from 23 to 34% during sinus 
rhythm and at both atrial pacing rates (p <0.05). In 
regard to the ventricular electrograms, the mean ampli- 
tude increased by 14% as the cycle length shortened from 
the mean sinus cycle length of 755 + 133 ms to an atrial 
paced cycle length of 500 ms (p <0.001),; no further rate 
effect was observed as the atrial pacing cycle length was 
shortened to 400 ms. Isoproterenol increased the mean 
ventricular electrogram amplitude by 21% during sinus 
rhythm (p <0.002) but had no effect at atrial paced cycle 
lengths of 500 and 400 ms. 

The results of this study show that both isoproterenol 
and an increase in heart rate either augment or have no 
effect on the amplitudes of atrial and ventricular electro- 
grams. Neither isoproterenol nor an increase in the heart 
rate resulted in a decrease in the amplitude of intracardi- 
ac electrograms. These results suggest that the decrease 
in the amplitude of the atrial electrogram that has been 
reported to occur during exercise!~3 is a result of neither 


8-adrenergic activation nor an increase in rate. It remains 
to be determined whether the effects of exercise on the 
atrial electrogram are mediated by some other factor 
associated with exercise, such as a change in chamber size 
or orientation, a-adrenergic stimulation, diminished 
vagal tone or hyperventilation. 
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Infective Perivalvular Abscess of the Aortic Ring: 
Echocardiographic Features and Clinical Course 


Benjamin F. Byrd, Ill, MD, Marc E. Shelton, MD, B. Hadley Wilson, Ill, MD, 


and Stephen Schillig, MD 


Av ring abscess is a serious complication of infec- 


tive endocarditis that may be diagnosed by 2-dimen- 
sional echocardiography when an echocardiographic-free 
space or focal aortic root thickening is shown.!-4 Two 
related complications that markedly worsen prognosis in 
endocarditis are new atrioventricular conduction block 
and pseudoaneurysm formation.>-? Using 2-dimensional 
echocardiography prospectively in 10 patients with endo- 
carditis, we correlated the location of aortic ring abscess- 
es with the development of atrioventricular conduction 
block and observed the development of 6 aortic ring pseu- 
doaneurysms. 

As listed in Table I, the patient group comprised 6 
male and 4 female patients aged 8 to 58 years (mean 32). 
Each patient was shown to have evidence of aortic peri- 
valvular abscess after referral to our laboratories for 
evaluation of suspected infective endocarditis. While all 
the patients had abscesses involving the aortic perivalvu- 
lar tissue, 1 had only mitral vegetations and another had 
only tricuspid vegetations. All 10 patients presented with 
high fever and developed regurgitant murmurs. Seven 
patients had congestive heart failure. Multiple blood 
cultures were positive in all 9 patients with bacterial 
endocarditis. Blood cultures were negative in 1 patient 
(no. 8) with Candida tropicalis peritonitis, but there were 
new tricuspid valve vegetations on 2-dimensional echo- 
cardiography and new complete heart block. 


From the Division of Cardiology, Vanderbilt University School of Med- 
icine, 1221 Vanderbilt University Hospital, Nashville, Tennessee 
37232. Manuscript received January 9, 1990; revised manuscript re- 
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All patients were studied with a Hewlett-Packard 
77020 or Irex Meridian instrument. Perivalvular abscess 
was diagnosed when 2-dimensional echocardiography 
showed the following: a walled-off, echocardiographic- 
free cavity; >10 mm focal aortic root thickening above 
the anulus; or a pseudoaneurysm25 A pseudoaneu- 
rysm was defined as a pulsatile, echocardiographic-free 
sac along the aortic ring, communicating with the left 
ventricular cavity and clearly distinct from a Valsalva’s 
sinus aneurysm. 

Two-dimensional echocardiography showed vegeta- 
tions on 21 valve in 9 of 10 cases and on >1 valve in 4 
cases (Table II). In 2 cases, the aortic leaflets were 
abnormally thickened, aortic regurgitation was audible 
and an abscess cavity was present. This combination is 
specific for aortic valve endocarditis,! which was con- 
firmed in 1 case at surgery. 

Two-dimensional echocardiography showed abscess 
cavities in 7 cases. The relation between the aortic peri- 
valvular region, aortic sinuses and aortic valve node is 
shown in Figure 1. An echocardiographic-free abscess 
cavity lay along the noncoronary sinus in 3 cases, the left 
coronary sinus in 3 cases and extended around the left 
and noncoronary sinuses in 1 case (Table II). Of the 7 
echocardiographic-free spaces observed on the initial 2- 
dimensional echocardiography, 4 were walled-off cavi- 
ties and 3 were pulsatile pseudoaneurysms (Figure 2). 

Two-dimensional echocardiography showed >10 
mm focal aortic root thickening compatible with ring 
abscess in 3 patients (no. 6, 8 and 9) without echocardio- 
graphic-free cavities. Abscess was found at surgery in 2, 





TABLE Clinical Characteristics of 10 Patients with Perivalvular Abscess 


_ 


OWOOAN OA UN HPWN KE 


ee ie ee 


Primary 
Valve 
Pathology 


Mitral 

Aortic (bicuspid) 
Aortic 

Aortic (bicuspid) 
Aortic 

Aortic (prosthetic) 
Aortic 

Tricuspid 

Aortic 

Aortic 


Organism 


Achromobacter xylosoxidans 
Streptococcus species 
Staphylococcus aureus 
Streptococcus viridans 
Streptococcus pneumoniae 
Staphylococcus epidermidis 
Staphylococcus aureus 
Candida tropicalis 
Bacteroides group F-1 
Streptococcus viridans 


P- 
Interval 


(s) 


0.28 
Normal 
0.28 
0.32 
Normal 
0.20 
Normal 
CHB 
CHB 
Normal 


Outcome 


Died 9 months after diagnosis 
Alive 3 years after diagnosis 
Alive 3 years after surgery 
Alive 3 years after diagnosis 
Alive 3 years after surgery 
Died 6 months after surgery 
Died 5 days after surgery 
Died 3 months after diagnosis 
Operative death 

Died 6 months after diagnosis 


Valves Perivalvular 
with Abscess 


Vegetation Location Pseudoaneurysm 


NCst — 
NCS — 
LCS Small 
LCS Large 
LCS Large 
NCS, LCS -— 
NCS, LCS Moderate 

AV NCS — 

AV NCS Small 

AV NCS Small 

AV, MV NCS Small 

AV (prosthetic) NCS, LCS, RCS — 

AV, MV LCS Large 

AV, MV LCS Large 

TV NCS -— 

TV NCS — 

AV NCS, 

AV, MV, TV LCS — 

AV, MV, TV LCS Moderate 


* Markedly thickened leaflets, but no gross vegetation; t abscess involved only 
lateral partion of noncoronary sinus (NCS). 

AV = aortic valve; LCS = left coronary sinus; MV = mitral valve; RCS = right 
coronary sinus of aortic valve; TV = tricuspid valve; — = absent. 


while patient number 8 had tricuspid valve vegetations, a 
perivaivular echocardiographic density in the atrioven- 
tricular node region and new complete heart block. 

In each of the 6 patients who developed new atrioven- 
tricular conduction block (Table II), 2-dimensional 
echocardiography showed an abscess along the medial 
portion of the noncoronary sinus in the region of the 
atrioventricular node (Figures 1 and 3). None of the 4 
patients with normal atrioventricular conduction had 
perivalvular abscess in this region at 2-dimensional 
echocardiography (Figure 2). 

The initial 2-dimensional echocardiography showed 
pseudoaneurysms of the aortic ring in 3 patients (no. 2,5 
and 7). Follow-up 2-dimensional echocardiography 
showed further enlargement of 2 of these pseudoaneu- 
rysms (Figure 2), but no evidence of rupture or fistula 
formation. New pseudoaneurysms developed from ab- 
scess cavities (Figure 3) in 3 other patients (no. 3, 4 and 
10) during medical therapy. All 6 pseudoaneurysms 
arose from the left ventricle in the aortic-mitral interval- 


vular fibrosa. Like the abscesses, pseudoaneurysms only 
caused P-R prolongation when they involved the region 
of the atrioventricular node along the medial noncoro- 
nary sinus (Figure 3). The 4 pseudoaneurysms not asso- 
ciated with aortic valve conduction block were located 
more laterally (Figure 2). In the 3 patients with pseu- 
doaneurysms who underwent surgery, 2-dimensional 
echocardiography localization proved to be accurate. 
Five patients underwent surgical abscess debride- 
ment and aortic valve replacement, 2 were inoperable 
and 3 improved on antibiotics and refused surgery. Seri- 
al 2-dimensional echocardiography in 2 of the 3 patients 
who recovered from the infection without surgery 
showed that the walled-off abscess cavities opened to 
form pulsatile pseudoaneurysms during medical thera- 
py (Figure 3); the third presented with a pseudoaneu- 
rysm that got bigger during therapy and then stabilized 
(Figure 2). The pseudoaneurysms in these patients did 


FIGURE 1. Schematic diagram of aortic perivalvular anatomy 
at end-diastole, shown in the short-axis view of 2-dimensional 
echocardiography. Coronary arteries arise from right and left 
Valsalva’s sinuses. Lying between medial aspect of noncoro- 
nary sinus and tricuspid valve is atrioventricular portion of the 
membranous septum, through which run the atrioventricular 
nodal fibers. L = left sinus; MV = mitral valve; N = non- 
coronary sinus; R = right sinus; TV = tricuspid valve. 
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FIGURE 2. Long- (top left) and short-axis (top right) 2-dimensional echocardiograms of perivalvular abscess in patient number 
2 at presentation show a pseudoaneurysm (arrow) arising from the left ventricular cavity in mitral-aortic intervaivular fibrosa, 
just posterior to a bicuspid aortic valve. Two months later, this pseudoaneurysm has enlarged (bottom left, arrow), but it still 

does not involve the atrioventricular node region (bottom right) or cause atrioventricular block. Ao = aorta; AV = aortic valve; | 
LA = left atrium; MV = mitral valve; RV = right ventricle; TV = tricuspid valve. | 


















ai i (far left) and short-axis views (middle) in patient number 4 show a walled-off, echocardiographic-free abscess Al 
cavity (arrow) posteromedial to a bicuspid aortic valve in atrioventricular node region. Follow-up study (far right) shows that 
abscess cavity has opened into left ventricular cavity, forming a small pseudoaneurysm in intervalvular fibrosa. 
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not rupture, despite concern over their instability and the 
risk of cardiac tamponade.’ No further enlargement oc- 
curred over 3 years in the 2 long-term survivors. 

The relation between perivalvular abscess location 
and atrioventricular conduction block has been noted pre- 
viously at autopsy and at surgery,*’ but not by 2-dimen- 
sional echocardiography. Perivalvular abscesses are de- 
tected by 2-dimensional echocardiography with increas- 
ing frequency!4 and transesophageal echocardiography 
promises to be even more sensitive. This study clearly 
shows that when a perivalvular abscess involves the atrio- 
ventricular node region at 2-dimensional echocardiogra- 
phy, there is a high risk of conduction block. 

The presence or resolution of atrioventricular conduc- 
tion block may be an unreliable indicator of treatment 
response in infective endocarditis. New conduction block 
during infective endocarditis may be due to myocarditis, 
myocardial infarction or medications rather than perival- 
vular abscess; improvement of abscess-related heart 
block on antibiotics has been observed previously.*+”” 
Two-dimensional echocardiography can provide addi- 
tional, specific information on changes in perivalvular 
anatomy to that inferred from the electrocardiogram. In 
1 patient (no. 4) who did well without surgery despite 
persistent atrioventricular block, 2-dimensional echocar- 
diography showed an abscess cavity opening to form a 
pseudoaneurysm near the atrioventricular node (Figure 
3). In another patient (no. 1), atrioventricular conduction 
returned to normal as the abscess cavity shrank on 2- 
dimensional echocardiography. But the walled-off ab- 


scess persisted on 2-dimensional echocardiography and 
this inoperable patient died with persistent infection. 

In this study, serial 2-dimensional echocardiography 
showed that some walled-off perivalvular abscess cavities 
open spontaneously to form pseudoaneurysms that re- 
main stable for years after resolution of the infection 
without surgery. These new observations in a small num- 
ber of patients should not alter the traditional manage- 
ment of pseudoaneurysms by surgical repair because they 
are prone to rupture.*8 However, 2-dimensional echocar- 
diography may be useful for following pseudoaneurysms 
in stable patients at high surgical risk. 
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Lack of Improvement in Coexisting Mitral Regurgitation After Relief 


of Valvular Aortic Stenosis 
Peter B. Adams, BS, and Catherine M. Otto, MD 


[i adults with severe symptomatic valvular aortic ste- 
nosis (AS), some degree of coexisting mitral regurgita- 
tion (MR) is common.! Given that afterload reduction 
can alter hemodynamics favorably in patients with isolat- 
ed MR,? it has been suggested that, in patients with AS, 
the afterload reduction resulting from aortic valve re- 
placement or catheter balloon valvuloplasty may lead toa 
decrease in the severity of coexisting MR.** This might 
lead in turn to a decrease in heart failure symptoms and 
might even obviate the need for double valve replacement 
in some patients. 

We studied 56 adults (mean age + 1 standard devi- 
ation 75 + 14 years, 54% men) undergoing intervention 
for severe symptomatic valvular AS in whom complete 
2-dimensional and Doppler echocardiographic studies 
had been performed both before (mean interval 42 days) 
and after (mean 176 days) either valve replacement (n= 
24) or valvuloplasty (n = 32). Compared to patients 


SU EER BO ee en LEETS EAA 
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undergoing valve replacement, valvuloplasty patients 
were older (81 + 9 vs 66 + 15 years, p = 0.009 by 
unpaired t test) and more often were women (59 vs 29%, 
p <0.05 by chi-square with Yate’s correction). Mean 
pressure gradient, calculated from Doppler data using 
the Bernoulli equation, decreased from 63 + 26 to 23 +9 
mm Hg (p <0.0001) in the valve replacement group and 
from 60 + 19 to 47 + 19 mm Hg (p <0.0001) in the 
valvuloplasty group. Continuity equation aortic valve 
areas’ increased from 0.8 + 0.3 to 1.6 + 0.6 cm? (p 
<0.0001) after valve replacement and from 0.6 + 0.2 to 
0.7 + 0.2 cm? (p <0.0001) after valvuloplasty. 

The severity of MR was graded by Doppler echocar- 
diography on a 0 (none) to 4+ (severe) scale (based on 
the extent of the systolic flow disturbance in left atrium 
in =2 orthogonal views) by an observer unaware of 
clinical data or the results of the other echocardiogram. 
The prevalence of coexisting MR was high (82%). Pre- 
and postprocedure MR severity for the entire group is 
shown in Figure 1. Results were similar for each sub- 
group considered separately. The pre- and postproce- 
dure severity results (p <0.00001 by chi-square) were in 
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TABLE I Patient Data Grouped by Etiology of Mitral Regurgitation 


Doppler-Echocardiographic Data 


Baseline Hemodynamics Mean AP 
(mm Hg) AVA (cm?) MR (O to 4+) 


Pt LVP AoP MeanAP AVA PAW Interval 
Age/Sex (mmHg) (mmHg) (mmHg) (cm?) (mmHg) Procedure (days) Before After Before After 


Mitral anular calcium 
56/M 188/30 
61/M 150/10 
62/M — 
62/M 150/14 
66/M 192/— 
68/M 208/5 
69/M 171/32 
70/F 260/10 
71/F 152/20 
71/M 220/15 
73/M 238/12 
75/F 200/12 
76/F 200/18 
TIJE 195/10 
77/¥F 200/20 
79/F 282/7 
81/F -- 
81/F — 
82/M 190/25 
82/M 210/16 
82/F 171/16 
83/M 160/20 
83/F 250/15 
85/M 196/18 
85/F 172/22 
86/F 251/13 
87 /F 228/16 
88/M — 
88/F 190/40 
88/F 211/10 
89/F 257/25 
89/M 145/16 
89/F 248/26 
89/M 129/24 
90/F 170/30 
92/F 116/10 
Rheumatic 
82/F 252/34 
85/F 260/20 
No specific etiology 
32/M — 
37 /F — 
40/M — 
53,/F. 180/10 
56/M 180/28 
58/M 232/20 
60/F 202/7 
61/M 158/6 
64/M — 
67/M 145/40 
69/M 134/12 
75/M 192/10 
76/F 190/30 
79/M 144/4 
216/18 
180/10 
148/16 


128/78 
100/50 
138/73 

90/54 
158/80 
140/94 
111/66 
130/50 
112/58 
100/56 
190/78 

97/50 
100/40 
127/53 
104/48 
186/62 


158/74 
154/64 
115/60 
124/60 
192/90 
120/58 
101/65 
172/68 
160/74 
128/53 
155/41 
167/70 

85/58 
165/60 

86/58 
130/60 

98/44 


130/50 
140/60 


125/58 
120/60 
140/72 
130/63 

93/68 

93/42 
105/60 

82/59 
130/71 
160/45 

99/45 
135/62 
110/52 
100/52 
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Numbers in procedure column indicate valve size in mm. 

AoP = aortic pressure; AVA = aortic valve area; CBV = catheter balloon valvuloplasty; CE = Carpentier-Edwards porcine valve; DM = Duramedics prosthetic valve; LVP = left 
ventricular pressure; MR = mitral regurgitation; PAW = pulmonary artery wedge pressure; SJ = St. Jude valve prosthesis; AP = pressure gradient; — = data not obtained 
(noninvasive data were used for clinical decision making in these patients). 
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agreement with each other but, using the nonparametric 
sign test, there was no significant (p = 0.13) change in 
regurgitant severity between the 2 studies. Although MR 
severity decreased in 15 patients (27%), the decrease was 
by only 1 grade in all but 1 patient and most often was 
from mild (1+) to none. Two of the 5 patients with 3+ 
MR decreased to 2+ after the procedure, while none of 
these 5 had an increase in MR severity. In 7 patients 
(12%), the severity of MR increased (by 1 grade in all), 
most often from none to mild. 

The etiology of MR, based on 2-dimensional echo- 
cardiography, was mitral anular calcium in 36 patients 
(64%) and rheumatic mitral valve disease in 2 patients 
(4%). in 18 patients (32%), no specific anatomic basis 
for MR was evident. These patients had normal left 
ventricular systolic function. There was no relation be- 
tween etiology and the postprocedure change in mitral 
regurgitant severity (Table 1). 

In contrast to previous reports,** we conclude that 
although about 40% of patients show a change in the 
severity of coexisting MR after relief of severe valvular 
AS, the magnitude of this change is small and is unlikely 
to be clinically significant in most patients. Although 
Doppler flow mapping provides only a semiquantitative 
estimate of regurgitant severity so that a subtle decrease 
in severity may have been missed, the experience with this 
technique in other clinical situations (e.g., pre- and post- 
mitral valve repair and pre- and postmitral valvuloplasty) 
suggests that a hemodynamically significant decrease in 
regurgitant severity would have been detectable. 

It is clear that the lack of improvement in MR was not 
related to incomplete relief of AS because there was no 
difference between the subgroups with valve replacement 
or valvuloplasty. We were unable to identify baseline 
clinical or echocardiographic features that distinguish 
those patients who do show from those who do not show a 
decrease in mitral regurgitant severity. 

Our population did not include patients with severe 
(4+) MR, as these patients typically underwent simulta- 
neous mitral valve replacement or repair. Given our data, 
only a modest decrease in MR severity due to relief of 
valvular AS alone would be expected in these patients. 
We continue to recommend appropriate surgical inter- 
vention in AS patients with significant coexisting MR. 


MR - Post 
1 2 2 


FIGURE 1. Mitral regurgitation (MR) severity on a 0 to 4+ 
scale before procedure (rows) compared to after procedure 
(columns). Highlighted boxes indicate no change in sever- 
ity between the 2 studies. 
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Serial Echocardiographic and Doppler Evaluation of Left Ventricular 
Diastolic Filling in Full-Term Neonates 


Jose C. Areias, MD, Robin Meyer, RN, William A. Scott, MD, and Stanley J. Goldberg, MD 


tal and adult myocardium.! In the fetus, noncon- 
tractile tissue constitutes about 70% of muscle mass in 
contrast to findings in the adult myocardium in which 


Qin and ed structural differences exist between fe- 
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noncontractile elements represent only about 40% of 
muscle mass.' Friedman? studied isolated myocardium 
and showed that there was less active tension and higher 
passive stiffness in fetuses than in adult lambs, suggesting 
that fetal myocardium is less compliant than adult myo- 
cardium. Previous echocardiographic and Doppler stud- 
ies in fetuses and neonates detected a pattern of mitral 
velocities showing a lower E-wave amplitude when com- 
pared with later normal mitral E peaks.34 These studies 
detected less early left ventricular (LV) filling in fetuses 
and neonates that could be related to diminished relaxa- 
tion and higher muscular stiffness. Previous investiga- 


FIGURE 1. Isovolumic relaxation time. Top, 
an M-mode showing mitral valve opening. — 
Bottom, an M-mode showing aortic valve clo- 
sure. Dotted lines are projected to show the 
difference in time. Time is depicted on top of 
upper panel. Each long narrow mark indi- 
cates 100 ms. IVRT = isovolumic relaxation 
time. 
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tors> followed diastolic LV function in neonates up to the 
first 4 days of life and, therefore, did not determine the 
pattern of functional diastolic maturation. Further, prior 
studies of the neonate have not assessed LV isovolumic 
relaxation time by serial noninvasive measurement. Our 
study evaluates, by serial echocardiography and Doppler 
observations, the LV diastolic filling pattern in full-term 
neonates after birth and during the first 3 weeks of life to 
observe the natural evolution in LV diastolic function. 

The study group consisted of 21 full-term neonates 
selected from the newborn nursery of the University of 
Arizona Health Sciences Center. Permission for this 
study was obtained from parents by written consent and 
the study was approved by the human subjects commit- 
tee. No infant had evidence of cardiac disease on a previ- 
ous pediatric examination. 

Echocardiographic and Doppler studies were per- 
formed in all cases during the first 36 hours and repeated 
during the second and third weeks of life. All subjects 
were studied with a range-gated pulsed Doppler echo- 
cardiographic device (Biosound Inc.) operating at a cen- 


ter frequency of 5 MHz. A complete 2-dimensional echo- 
cardiographic examination was initially performed to 
detect any possible cardiac abnormality. Presence of a 
patent ductus arteriosus was evaluated by examining 
pulmonary artery velocities. Foramen ovale shunting 
was evaluated by recording velocities on either side of the 
atrial septum. Echocardiographic and Doppler tracings 
were recorded simultaneously with an electrocardio- 
gram on a Strip-chart with tracing speed set at 75 mm/s. 
All children were studied during natural sleep. LV iso- 
volumic relaxation time (ms) was evaluated by using M- 
mode determination of the interval between aortic clo- 
sure and mitral opening. Valve traces were recorded se- 
quentially at similar heart rates (Figure 1). An average 
of 3 consecutive measurements was always reported. 
Measurements were performed with a digitizing device 
that had an X and Y resolution of 0.1 mm. For diastolic 
LV Doppler studies, the sample volume was located be- 
tween mitral leaflets at the level of the tips. Spatial 
alignment of ultrasonic beam and flow was accom- 
plished by transducer manipulation until the highest 


MITRAL VELOCITIES 


FIGURE 2. Mitral velocities obtained from 
a single child over the course of the study. 
Far left shows an E wave that is of lower 
amplitude than the A wave and diastolic 
mitral regurgitation after the E and the A 
wave. The middle, obtained during the 
second week of life, has the same velocity 
calibration as the far left. The E wave has 
progressed in amplitude. The far right has 
a velocity scale on the right. Each small 
mark equals 20 cm/s. Note the further 
amplitude increase of the E velocity. 
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FIGURE 3. Mitral diastolic regurgitation. Mi- 
tral diastolic regurgitation is visualized after 
the E wave (arrow) in all 3 beats. 


3rd WEEK 
MITRAL DIASTOLIC REGURGITATION 
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TABLE I Comparison of Ventricular Filling Parameters for 
Less Than 1.5 Days, and During the Second and Third Week 


Day 1.5 Week 2 Week 3 p Value 


LIVRT 

MDT 

E/A ratio 

E peak 

A peak 

HR (beats /min) 


41412 

62414 
1.08 + 0.2 

558 

49+8 49+7 
120+ 14 129+11 

Values are expressed as mean + standard deviation. 

* Significant difference between day 1.5 and week 3: t significant difference be- 
tween day 1.5 and week 2; significant difference between weeks 2 and 3. 


LIVRT = left isovolumic relaxation time (ms); MDT = mitral deceleration time (ms); 
NS = not significant. 


47+12 

87+10 
1.12+0.1 

95+ 8 


51+8 
84411 


<0.004* 
<0.001t 
1.25+0.1 <0.004* 
65+16  <0.002+ 
5249 NS 
135412 <0.002* 


spectral velocities were obtained. Peak modal velocities 
(cm/s) of E and A waves were used for measurement. 
Mean deceleration time (ms) was determined by evalu- 
ating the time interval between peak E velocity and the 
crossover of descendent E slope with 0 baseline. When 
atrial contraction occurred before the mitral decelera- 
tion slope had decreased to the 0 baseline, the slope was 
linearly extrapolated to the baseline. 

Results are expressed as mean + standard deviation. 
Statistical analysis was performed with repeated mea- 
sures analysis of variance. For paired differences, 
Scheffe's test was used. Linear regression analysis was 
used to compare changes in E velocities and heart rate. A 
p value <0.05 was considered statistically significant. 

Fifty-six echocardiographic and Doppler studies 
were performed in 21 neonates. Gestation ranged from 
37 weeks to term. Birth weight ranged from 2.6 to 4.1 kg. 
Mean time for the study was 60 minutes. No patient was 
excluded because of unacceptable quality of recordings. 
For the repeated measures analyses, only data for the 14 
patients who had measurements at each time interval 
were considered. 

The data are listed in Table I. Mean LV isovolumic 
relaxation time increased significantly between the ini- 
tial and third measurements. Mean mitral deceleration 
time increased significantly between the first and second 
measurement but did not change significantly thereafter. 
Similarly, the mean E/A ratio increased significantly 
from the first to the third evaluation. This was primarily 
due to an increase in E amplitude over the same time 
period. Figure 2 shows morphologic progression of the E 
and A waves in a typical single patient. 

Mean heart rate increased from day 1.5 to the third 
week. Heart rate showed an inverse relation to peak 
mitral E wave between day 1.5 and thereafter (r = 
—0.50). 

At the time of the first evaluation, Doppler sampling 
of main pulmonary artery depicted a patent ductus ar- 
teriosus in 15 (71%) of 21 neonates. No significant dif- 
ference in any studied variable was found when data 
were compared for neonates with a patent ductus arter- 
iosus and those without. No significant foramen ovale 
shunts were detected in either direction. 

Middiastolic velocity reversal (Figure 3) was noted 
after the E wave in 16 neonates studied during the first 
36 hours. This finding persisted in 3 subjects during 
week 2 and disappeared thereafter. A localized area of 
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diastolic mitral regurgitation velocities after atrial con- 
traction was noted in all children during the 3 weeks of 
study. 

The most important finding of this serial study of LV 
diastolic function was the demonstration of changing ven- 
tricular relaxation and compliance. Cardiac relaxation 
Starts at approximately the time of semilunar valve clo- 
sure and includes the passive diastolic ventricular filling. 
Accordingly, relaxation should be related to isovolumic 
relaxation time and Doppler mitral E velocity.® Compli- 
ance, a late diastolic phenomenon, should be related to 
Doppler mitral velocity at atrial contraction.® 

To date, few studies have been published regarding 
LV diastolic function in the neonate as measured by 
Doppler and none included data beyond the first 4 days of 
life. Riggs et al* observed a mean peak mitral E/A ratio 
of 1.15 for the first day and 1.00 for day 2. Wilson et al> 
found insignificant differences in E/A ratio for neonates 
studied during the first 24 hours or at 4 days. In our study, 
mean peak E/A ratio did not change significantly during 
the first 2 weeks but increased significantly between 
weeks 2 and 3. This change in E/A ratio in our study was 
related to a significant increase in E amplitude without 
changes in A. During our study, mean heart rate did not 
change significantly from the second to the third week 
and therefore, heart rate should not have influenced mi- 
tral velocity amplitudes during this period. Accordingly, 
enhanced ventricular filling in early diastole suggests an 
improvement in relaxation. In our study, a progressive 
increase in isovolumic relaxation time was found between 
successive measurements. 

Middiastolic mitral regurgitation occurred in 16 neo- 
nates at day 1.5, persisted in only 3 subjects during week 2 
and disappeared thereafter. This middiastolic flow rever- 
sal is an indicator of ventricular pressure exceeding atrial 
pressure during early filling. Disappearance of this flow 
reversal after the first day of life is an indirect indication 
of improved diastolic LV compliance with time. Low 
velocity mitral regurgitant flow after atrial contraction 
was noted in all children and in all serial evaluations and, 
therefore, was probably not a factor in the mitral velocity 
differences observed. 

Mitral deceleration time is related to the LV rapid 
filling wave amplitude and correlates inversely with LV 
pressure. Results of our study showed that mitral deceler- 
ation time increased from day 1.5 to week 2, suggesting a 
lower early diastolic cavity pressure and muscular stiff- 
ness and therefore, improved ventricular compliance. 

A patent ductus arteriosus was detected in 15 immedi- 
ate postnatal subjects; no significant differences were de- 
tected when comparing data of those with a patent ductus 
arteriosus to data of those without. These results are 
similar to those reported by Riggs et alt and suggest that 
for full-term neonates, a patent ductus arteriosus does not 
influence diastolic ventricular function during the first 2 
days of life. 

Multiple interacting factors influence the pattern of 
LV diastolic filling and include atrial and ventricular 
factors, Major left atrial factors are pressure and compli- 
ance. LV factors include pressure, relaxation and compli- 
ance. None of these factors were measured directly in our 





study. Moreover, during ventricular diastole, it is possible 
that some overlap exists between relaxation and compli- 
ance and our study did not identify the area of overlap.” 
Peak velocities and mitral deceleration time are influ- 
enced to some extent by sample volume location. In our 
study, the sample volume was always positioned between 
mitral leaflets tips. Accordingly, the constancy of sample 
volume location limited uncertainties that could influence 
our results. A potentially greater problem was related to 
the M-mode evaluation of LV relaxation time. Aortic 
closure and mitral valve opening were not measured in 
the same heart cycle. We measured intervals at equal 
heart rates for the 2 tracings. Further, all measurements 
were averaged for 3 cardiac cycles. Although neonates 
were always studied while asleep, minor heart rate differ- 
ences between cardiac cycles could introduce modest im- 
precision into computation of LV isovolumic relaxation 
time. 


Our study detected a transitional diminished post- 
natal ventricular relaxation and compliance in full-term 
neonates and a subsequent improvement in these mea- 
surements during the first 3 weeks of life. 
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Ruptured Chordae Tendineae of the Tricuspid Valve as a Complication 
of Endomyocardial Biopsy in Heart Transplant Patients 


Alan C. Braverman, MD, Sharon E. Coplen, MD, Gilbert H. Mudge, MD, and Richard T. Lee, MD 


pP ercutaneous transvenous endomyocardial biopsy is 
the preferred method to detect graft rejection in the 
transplanted heart. This procedure has undergone im- 
provements and modifications making endomyocardial 
biopsy safe from the right internal jugular or femoral 
venous approach.!? Large series have documented the 
low morbidity and mortality associated with endomyo- 
cardial biopsy. Major complications include cardiac per- 
foration and tamponade occurring in <0.4%.'? Other 
cardiac complications are arrhythmias, bundle branch 
block and endocarditis. Recently, coronary arterial-right 
ventricular fistula secondary to repeated endomyocardial 
biopsies has been described.? With improved survival 
in cardiac transplant patients, complications of repeated 
endomyocardial biopsies may become more apparent. 
This report describes 5 patients with orthotopic cardiac 
transplants who have echocardiographic evidence of tri- 
cuspid valve chordal rupture as a complication of endo- 
myocardial biopsy. 

The study included 81 patients who underwent 82 
orthotopic heart transplantations at Brigham and Wom- 
en’s Hospital. Each patient underwent right ventricular 
endomyocardial biopsy during the period from Decem- 
ber 1988 through November 1989 to evaluate the pres- 
ence and severity of allograft rejection. At least 1 echo- 
cardiogram followed the last endomyocardial biopsy. 

At Brigham and Women’s Hospital, biopsies are per- 
formed weekly for 1 month after transplantation and 
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then biweekly for 2 months. After the third month biop- 
sies are performed monthly for the next 9 months. After 
the first year after transplantation, patients undergo bi- 
opsies on a 6- to 12-month interval or more frequently if 
rejection is apparent. A total of 440 biopsy procedures 
were performed in the 82 orthotopic transplants with a 
total of 1,442 individual biopsy specimens obtained. 
Thus, an average of 5.4 biopsy procedures (17.6 biopsy 
specimens)/heart transplant were performed in this 12- 
month period (range 1 to 16 biopsy procedures with 3 to 
51 biopsy specimens/patient). Right ventricular biopsy 
was performed in 93% of patients via the right internal 
jugular approach with a standard (Caves-Schulz) biop- 
tome using fluoroscopic guidance. Seven percent of biop- 
sies were performed from the right femoral vein using a 
Cordis bipal or Mansfield femoral bioptome. The femo- 
ral approach was used when endomyocardial biopsy was 
being performed at the time of coronary arteriography in 
an annual posttransplantation evaluation. 

Echocardiographic imaging was performed using a 
Hewlett Packard 77020 AC/AR ultrasonoscope device 
and a 2.5- or 5-MHz transducer. Severity of tricuspid 
regurgitation was semiquantitated by pulsed wave or 
color-flow Doppler using a scale from 0 to 4+ on the 
basis of the area of the systolic flow disturbance relative 
to the area of the right atrium. The diagnosis of ruptured 
tricuspid valve chordae tendineae was made by 2-dimen- 
sional echocardiography as prolapse of chordal elements 
into the right atrium during systole.’ 

Five patients (6.2%) were identified with echocardio- 
graphic evidence of tricuspid valye chordal rupture. In 
each of these patients chordal tissue from the posterior 
tricuspid valve leaflet was seen to prolapse into the right 
atrium during systole (Figures 1 and 2). No ruptured 
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TABLE I Echocardiographic and Endomyocardial Biopsy Results in Patients with Ruptured Chordae Tendineae 


No. of Biopsies / No. of Specimens 
TR 
TR After Chordal Between In 12-Month 
Baseline Rupture Echocardiograms Period 


10 months 
6 days 
9 days 

12 months 
7 months 


Time = interval between normal and abnormal echocardiogram. 
Tricuspid regurgitation (TR) severity as graded on a 0 to 4+ scale. 


chordae were visualized on the anterior tricuspid leaf- 
lets. None of the patients had evidence for tricuspid valve 
abnormalities or chordal rupture on previous echocar- 
diograms. Each patient had undergone endomyocardial 
biopsy between the time of a normal posttransplant 
echocardiogram and the abnormal echocardiogram re- 
vealing chordal rupture. With the chordal rupture, 2 
patients had evidence for an increase in the degree of 
tricuspid regurgitation as recorded by the initial staff 
echocardiographer (Table I). However, no patient had 
evidence for right ventricular enlargement or volume 
overload. By clinical evaluation, although there was no 
evidence for hemodynamically significant tricuspid re- 
gurgitation, 1 patient did have a newly diagnosed mur- 
mur of tricuspid regurgitation. No patient had clinical 
evidence for endocarditis. 

In this 12-month observation period, the 5 patients 
with chordal rupture underwent 37 biopsy procedures 


with 94 biopsy specimens obtained. The 77 transplants 
without evidence for chordal rupture underwent 403 pro- 
cedures yielding 1,348 individual specimens. The num- 
ber of biopsies performed during the period from the 
normal echocardiogram to the echocardiogram reveal- 
ing chordal injury was highly variable. Two patients 


FIGURE 1. Right ventricular inflow view on a 2-dimensional 
echocardiogram. Note the abnormal prolapse of a chorda into 
the right atrium (RA) during systole (arrow). 
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underwent only I procedure with 3 biopsy specimens 
obtained, while 1 patient had 12 biopsy procedures yield- 
ing 36 individual specimens (Table I). The internal jugu- 
lar approach was used exclusively in 4 of the patients 
with chordal rupture. One patient had biopsies per- 
formed via both the jugular and femoral approach be- 
fore chordal rupture. 

The most likely etiology of chordal injury in these 
patients is inadvertent tearing of individual chorda with 
the bioptome. Transvenous endomyocardial biopsy has 
been performed since 1962 with demonstrated safety and 
has emerged as the diagnostic procedure of choice in 
assessing orthotopic heart transplant rejection.!:2 The 
standard technique for endomyocardial biopsy is to ad- 
vance the bioptome against the right ventricular sep- 
tal endocardium. The bioptome is withdrawn 1 cm, and, 
with the jaws opened, the catheter is readvanced into 
contact with the septal endocardium. The jaws are then 
Closed, and the catheter is withdrawn with its myocardial 
sample. 

The chordae tendineae usually arise from the papil- 
lary muscles but may also arise from the septal wall and 
thus be subject to trauma from an endomyocardial biop- 
tome.* Alternatively, the practice of withdrawing the 
bioptome may lead to entrapment of a chorda in the jaws 
of the bioptome. Tricuspid valve chordal rupture is an 
uncommon entity with a characteristic 2-dimensional 


FIGURE 2. Right ventricular inflow view on a 2-dimensional 
echocardiogram. The ruptured chorda is seen attached to the 
posterior tricuspid leaflet and prolapses into the right atrium 
(RA) (arrow). 





echocardiographic appearance.° Despite the potential for 
inadvertent trauma to the tricuspid apparatus from re- 
peated endomyocardial biopsies, previous series of fluoro- 
scopically guided biopsies have not reported this compli- 
cation. An unspecified “probable chordal injury” was 
noted in a series of 910 endomyocardial biopsies using 2- 
dimensional echocardiographic guidance; however, in 
this report patients underwent biopsy of the right ventric- 
ular free wall, apex and interventricular septum.®° 
Although no patient in this series had clinically signif- 
icant consequences related to the chordal rupture, 2 pa- 
tients did have a slight increase in the degree of tricuspid 
regurgitation. It is also important to recognize the ap- 
pearance of a chordal rupture, as it may be confused with 
vegetations or tricuspid valve prolapse. Finally, given the 
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improved long-term survival in patients receiving heart 
transplants, it is possible that repeated endomyocardial 
biopsies causing multiple chordal injuries may result in 
significant tricuspid regurgitation. 
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CASE REPORTS 


Exercise-Provoked Distal Atrioventricular 


Block 


Saurabh K. Chokshi, MD, Joseph Sarmiento, MD, Jose Nazari, MD, 
Thomas Mattioni, MD, Terry Zheutlin, MD, and Richard Kehoe, MD 


Q Pontancous or pacing-induced 
nonfunctional atrioventricular 
(AV) block occurring distal to the 
His bundle recording site is associ- 
ated with a high probability of subse- 
quent syncope or progression to high 
grade AV block.! Accordingly, a reli- 
able noninvasive method that could 
potentially unmask distal His-Pur- 
kinje block would be helpful in iden- 
tifying patients in whom invasive 
conduction system studies should be 
undertaken. We report 3 patients in 
whom the occurrence of second-de- 
gree AV block during exercise test- 
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ing unmasked serious underlying 
conduction system disease, which 
would have otherwise gone undetect- 
ed by routine ambulatory monitoring 
and resting electrocardiograms. Sub- 
sequent evaluation of their conduc- 
tion systems by electrophysiologic 
studies revealed marked prolonga- 
tion of the HV interval and AV block 
distal to the His bundle in response to 
rapid atrial pacing. 

CASE 1: A 74-year-old woman 
had syncope while sitting at the din- 
ner table. Her previous cardiac his- 
tory was unremarkable except for a 
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complete right bundle branch block in case 1. 
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exercise at an atrial rate 110 beats/min; 4:3 AV conduction is shown by asterisk 


in lead V; and arrow in lead Vs in case 1. 
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similar episode 2 years ago. The 
resting electrocardiogram demon- 
strated sinus rhythm, a PR interval 
of 0.18 second and a complete right 
bundle branch block with a normal 
frontal plane axis (Figure 1). Con- 
tinuous ambulatory monitoring for 
72 hours failed to reveal evidence for 
AV block. An exercise stress test was 
carried out using the modified Bruce 
protocol. The patient had a resting 
heart rate of 85 beats/min. During 
stage III of exercise testing, with the 
increase in heart rate up to 110 
beats/min, 4:3 Mobitz type I second- 
degree AV block appeared. At sinus 
rates of 130 beats/min, 3:2 AV block 
was observed (Figure 2). Normal 
anterograde conduction resumed at 
2 minutes into the recovery period 
(sinus rate 98 beats/min). No ST-T 
changes were provoked during the 
exercise test. Subsequent electro- 
physiologic studies demonstrated 
prolongation of the HV interval (85 
ms) at rest (Figure 3A). During rap- 
id atrial pacing, 1:1 conduction was 
maintained at rates up to 105 beats/ 
min. At an atrial pacing rate of 110 
beats/min (cycle length 545 ms), a 
3:2 Mobitz type I second-degree AV 
block distal to the His bundle was 
observed (Figure 3B). With pacing 
rate up to 120 beats/min (cycle 
length 500 ms), a 3:2 AV block was 
noted (Figure 3C). The paced rate at 
which block appeared was identical 
to the sinus rate at which spontane- 
ous block occurred during exercise 
testing. The patient received a per- 
manent dual chamber (DDD) pace- 
maker and has remained asymp- 
tomatic during 36 months of follow- 
up. 

CASE 2: A 53-year-old woman 
with biopsy-proven polymyositis 
was evaluated for episodic light- 
headedness during exertion. The 
resting electrocardiogram revealed 
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TABLE I Electrophysiologic Correlation of Exercise-Provoked Distal Atrioventricular Block 


Symptoms 


Klausche et al’ 
Freeman et al® 
Woelfel et al? 


Dizziness 


Dizziness 
0 
Peller et al!® 


Present study Syncope 
Dizziness 


Dizziness 


sinus rhythm with first-degree AV 
block, left anterior divisional block 
and complete right bundle branch 
block. Forty-eight-hour ambulatory 
monitoring failed to reveal sponta- 
- neous second-degree AV block. Dur- 
ing an exercise stress test, at a sinus 
rate of 130 beats/min, a 2:1 Mobitz 
type I second-degree AV block oc- 
curred. During the subsequent inva- 
sive electrophysiologic study, a 2:1 
second-degree block distal to the His 
bundle developed in response to atri- 
al pacing at a rate of 120 beats/min. 
Implantation of a permanent pace- 
maker led to resolution of symp- 
toms. 

CASE 3: A 69-year-old white man 
was seen for progressive lighthead- 
edness. On cardiac monitoring, he 
was found to be in a third-degree 
heart block with a ventricular rate of 
22 beats/min (sinus rate 110 beats/ 
min). A temporary transvenous 
pacemaker was placed for 72 hours. 
He evolved a small, anterior wall, 
non-Q-wave myocardial infarction. 
Over the next 36 hours, the high 
grade AV block completely resolved. 
Cardiac catheterization revealed to- 
tal occlusion of the distal right coro- 
nary artery, 50% stenosis of the left 
anterior descending artery, 40% ste- 
nosis of the left circumflex artery 
and mild apical hypokinesis of the 
left ventricle. On exercise Stress test, 
a 2:1 AV block was demonstrated at 
sinus rates of 110 beats/min; how- 
ever, a thallium scan failed to reveal 
perfusion defects. The subsequent 
electrophysiologic studies revealed a 
prolonged HV interval (90 ms) and 
2:1 AV block distal to the His bundle 
during atrial pacing at rates of 110 
beats/min. The patient received a 


Dizziness, angina 


Palpitations 


Palpitation, dizziness 


EP Evaluation 


AM 
(beats /min) 


ENT 
(beats /min) 


HV 
(ms) 


Atrial Pacing 
(beats /min) 


2:1 AVB (100) 
3:2 AVB (110) 
2:1 AVB (85) 

2:1 AVB (170) 
2:1 AVB (120) 
3:2 AVB (120) 
4:3 AVB (110) 
2:1 AVB (120) 
2:1 AVB (110) 


Type ll 2:1 AVB(130) 2:1 AVB (140) 
eu 2:1 AVB (125) 
= 3:2 AVB (125) 
= 2:1 AVB (140) 
2:1 AVB (140) 
2:1 AVB (148) 
4:3 AVB (110) 
2:1 AVB (130) 
2:1 AVB (110) 


No AVB 
Type Il 2:1 AVB (148) 
No AVB 
No AVB 
No AVB 
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FIGURE 3. Surface and intracardiac electrocardiographic tracings during sinus 
rhythm (A) and atrial pacing at rates of 110 beats/min (B) and 120 beats/min (C) 
in case 1. A, during sinus rhythm, 1:1 AV conduction is noted. The HV 

interval is constant at 85 ms. B, during atrial pacing at cycle length 545 ms, 

5:4 AV block distal to His bundle potential is seen (arrow). C, at a higher 

atrial pacing rate (cycle length 500), 3:2 AV block (arrow) distal to His is 

noted. A = right atrial deflection; H = His bundle deflection; HBE = His bundle 
electrogram; HRA = high right atrial electrogram; V = right ventricular deflection. 
The numbers represent duration in ms. 
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dual chamber pacemaker and has 
remained asymptomatic. 

The diagnosis of conduction dis- 
ease in 1 or 2 of the 3 fascicles sug- 
gests an impaired safety margin for 
AV conduction.! A wealth of ana- 
tomic and clinical studies supports 
a relation between intraventricular 
conduction disturbance and progres- 
sion to high grade or complete AV 
block.”? Progression to complete AV 
block may be sudden or may occur 
episodically and could result in sud- 
den death or syncope. The ability 
to recognize patients with intraven- 
tricular conduction disturbance at 
high risk for progression to complete 
AV block is important; they could 
benefit from prophylactic pacemaker 
therapy. 

Standard 12-lead electrocardiog- 
raphy has a limited value in identifi- 
cation of such patients.* Ambulatory 
monitoring has also been ineffective 
in unmasking high grade AV block, 
especially in the early stage of pro- 
gression. All 3 patients reported here 
failed to demonstrate AV block on 
ambulatory monitoring despite 72 
hours of recording. This may be ex- 
plained by the fact that none of the 
patients accelerated their heart rates 
during activities that could have in- 
duced AV block. 

Exercise-induced AV block is un- 
commonly observed.*> When pres- 
ent, it carries a significant value in 
identifying patients with a higher risk 
for progression to complete AV 
block. Fewer than 25 cases of exer- 
cise-induced AV block occurring in 
patients with normal AV conduction 
have been reported.4-!° Since AV 
conduction should be enhanced as a 
result of exercise-related vagal with- 


drawal and increased sympathetic 
drive, AV block has been shown to 
improve or resolve during exercise. 
Several investigators have postulated 
that the site of AV block occurring 
during exercise is more likely to be 
localized to the distal His-Purkinje 
system rather than the AV node be- 
cause the His-Purkinje system is rel- 
atively insensitive to autonomic mod- 
ulation, and it has a relatively fixed 
effective refractory period that fails 
to decrease sufficiently with decreas- 
ing atrial cycle length to permit 1:1 
AV conduction. 

In patients with bifascicular block 
and syncope, utility of electrophysio- 
logic studies has been well estab- 
lished.! Both prolongation of the HV 
interval at rest and demonstrable 
block distal to the His bundle during 
rapid atrial stimulation are widely 
used to stratify patients at a high- 
er risk of developing complete AV 
block.’-!° Previously published stud- 
ies have established the utility of 
these markers. For example, in the 
study by Dhingra et al,! 15 of 496 
patients with chronic bifascicular 
block developed distal block during 
rapid atrial pacing; during follow-up, 
complete AV block developed in 8 of 
the 15 patients and 2 died suddenly. 
In addition to the 3 patients reported 
here, in only 6 other cases have exer- 
cise-induced findings of AV block 
been correlated with invasive electro- 
physiologic data (Table I).7-10 

In patients with coronary artery 
disease, reversible, transient second- 
degree or high grade AV block may 
occur due to exercise-induced isch- 
emia® or secondary to coronary 
spasm. It is important to note that 
clinical or angiographic evidence for 
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coronary artery disease was present 
in only 1 of our 3 patients; however, 
myocardial ischemia, based on ST-T 
segment changes, was absent in the 
remaining 2. 

In summary, the 3 patients we re- 
port add to the limited body of pub- 
lished data regarding the significance 
of exercise-provoked AV block. 
Since the patients with symptoms of 
lightheadedness or syncope and exer- 
cise-induced AV block are likely to 
have a block distal to His, permanent 
pacing seems justified. 
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Atrial Natriuretic Peptide and Hemodynamic 
Response to Pericardiectomy for Chronic 
Constrictive Pericarditis 


Jens Svanegaard, MD, Per Thayssen, PhD, and Henrik K. Arendrup, MD 


trial compliance, intraluminal 

pressure, transmural pressure 
and atrial stretch have been suggest- 
ed as major stimuli for the produc- 
tion of atrial natriuretic peptide 
(ANP). These assumptions are 
mainly based on observations show- 
ing good correlations between pres- 
sures and ANP levels in heart failure 
due to heart diseases of various etiol- 
ogy.! Increasing pressure in the left 
and/or right atrium is followed by an 
increased stretch of the atrial wall in 
most heart diseases, except in cardiac 
tamponade and constrictive pericar- 
ditis. In an experiment with dogs, the 
rise of ANP during rapid volume ex- 
pansion was decreased in the pres- 
ence of cardiac tamponade, even if 
the right atrial pressure and the left 
end-diastolic pressure increased dur- 
ing the induced tamponade.’ This in- 
dicates that pressure is not the only 
determinant, as has been presumed 
previously. To investigate this rela- 
tion, we studied the relation between 
ANP and some important hemody- 
namic parameters in a patient during 
exercise before and after pericardi- 
ectomy. 

A 37-year-old man was admitted 
to the hospital because of symptoms 
of pleuritis, the origin of which was 
never revealed. The patient had no 
complaints of dyspnea. However, in 
the preceding 2 to 3 weeks, he had 
modest lower extremity edema to- 
gether with a slightly elevated serum 
alanine aminotransferase, serum 
lactate dehydrogenase and serum bi- 
lirubin. One year before hospital ad- 
mission, an ultrasound examination 
of the liver, because of transitory 
abdominal pain, had shown unex- 
plained enlargement of the hepatic 
veins. Chest x-ray, echocardiogra- 
phy and left ventriculography 
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showed manifest pericardial calcifi- 
cation in the whole circumference of 
the heart. All segments of the heart 
were contracting normally. Ejection 
fraction was 66%. Three weeks be- 
fore and 3 months after pericardi- 
ectomy, echocardiography at rest 
and a graded bicycle exercise test 
were achieved. The exercise test was 
performed by increasing workload 
by 30 watts every 3 minutes during 
right-sided cardiac catheterization, 
until the preoperative maximal work 
load of 150 watts was reached. The 
patient had no medical therapy at 
the preoperative test or at the post- 


Stroke volume 


150 watt 


operative test. Invasive hemodynam- 
ic parameters and ANP were mea- 
sured before, during and after the 
test. In agreement with the fact that 
the patient had few symptoms of 
cardiac failure before the operation, 
cardiac output was normal and did 
not improve significantly after oper- 
ation. However, as shown in Figure 
1, the stroke volume did not increase 
during exercise before pericardiec- 
tomy, so the change in cardiac out- 
put was almost due to the increase in 
heart rate. As shown in Figure 2, be- 
fore pericardiectomy, the mean right 
atrial pressure was elevated at rest 
and increased from 8 to 20 mm Hg 
at maximal exercise, the mean pul- 
monary arterial pressure increased 
from 15 to 34 mm Hg and the mean 
pulmonary capillary wedge pressure 
increased from 10 to 24 mm Hg dur- 
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FIGURE 1. Cardiac output, stroke volume and heart rate at rest, during and after 
exercise and before (dotted line) and after pericardiectomy (continuous line). 
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ing exercise. The concentration of 
ANP, measured in the subclavian 
vein, increased from 217 pg/ml at 
rest (normal 82 + 38.4 [mean + 1 
standard deviation], n = 51) to 510 
pg/ml at 150 watts. 

After pericardiectomy, the he- 
modynamic parameters and ANP 
normalized at rest. During exercise, 
the right atrial pressure was de- 
creasing, while the arterial pulmo- 
nary pressure and pulmonary capil- 
lary wedge pressure increased 
slightly. The course of the arterial 
blood pressure at rest and during ex- 
ercise was unchanged before and af- 
ter operation. Echocardiographical- 
ly, the diameter of the left atrium 
decreased from 51 to 48 mm. A high 
correlation between the change in 
pressures and ANP was observed be- 
fore the operation. After the opera- 
tion, both ANP and the hemody- 
namic parameters were lowered and 


RIGHT ATRIAL PRESSURE 


versus ANP 


160 watt 


the correlation between the changes 
in concentrations of ANP and right 
atrial pressure were not good. How- 
ever, ANP was still correlating very 
well to alterations in both the pul- 
monary capillary wedge pressure 
and especially changes of the pulmo- 
nary arterial pressure, as the alter- 
ations in ANP and the pulmonary 
arterial pressure were nearly paral- 
lel. To estimate the production of 
ANP in the right and the left atrium, 
respectively, blood samples were 
taken from the subclavian vein, the 
pulmonary artery and the radial ar- 
tery to determine ANP concentra- 
tions at rest and at 150 watts. By 
subtracting the ANP concentration 
in the superior caval vein from the 
concentration in the pulmonal ar- 
tery, an indication of the production, 
use and/or degradation of ANP in 
the right atrium and the right ventri- 
cle could be achieved. In the same 


manner, the production, use and/or 
degradation of ANP in the lungs, left 
atrium, left ventricle and aortic ves- 
sels were estimated from the differ- 
ence in the concentration of ANP in 
the radial artery and the pulmonal 
artery. Evaluated in this manner, 
there seems to be a shift from a pre- 
dominant production of ANP in the 
left atrium before operation to a 
larger production in the right atrium 
after operation (Figure 3). In spite of 
an increased pressure of the right 
atrium at rest and during exercise 
before operation, the right atrium 
had only a very small production of 
ANP, while the production of ANP 
from the right atrium increased al- 
though the right atrial pressure de- 
creased after operation both at rest 
and during exercise. 

Alterations in the ANP level 
have, to our knowledge, only been re- 
ported in 1 case of chronic constric- 
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FIGURE 2. Course of hemodynamic parameters 
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pulmonary 
wedge (PCW) pressure and radial arterial pressure (RAP)) and changes of atrial natriuretic peptide (ANP) before, during and 


after exercise and before (dotted line) and after pericardiectom 


central venous pressure measured in the right atrium. 
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y (continuous line). AP = pulmonary arterial pressure; CVP = 





tive pericarditis just before, during 
and immediately after the pericar- 
diectomy.? In this patient, the con- 
centration of ANP increased imme- 
diately after pericardiectomy in spite 
of a decrease in both the right atrial 
pressure and the pulmonary capillary 
wedge pressure. However, in this 
case, a severe right and left-sided car- 
diac failure was present preopera- 
tively and neither the right atrial 
pressure nor the pulmonary capillary 
wedge pressure was normalized after 
pericardiectomy, indicating that the 
patient was not totally cured by the 
operation. Thus, the ANP concentra- 
tion seems to increase because of the 
possibility for the left and especially 
the right atrial wall to stretch fur- 
ther, now being controlled by the de- 
gree of heart failure. 
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FIGURE 3. Atrial natri- 
uretic peptide (ANP) val- 
pulmo- 


(bottom right). 


C] rest,before oper. 
rest after oper 


MUN 


Our patient had a high level of 
ANP before operation, predominant- 
ly produced in the left atrium, which 
was determined echocardiographi- 
cally to have a diameter of 51 mm 
before operation. Enlargement and 
stretch were possible in the left atri- 
um, where the pericardium of the 
posterior wall was uncalcified and 
not constricted in contrast to the peri- 
cardium of the right atrium and the 
rest of the heart, which were com- 
pletely calcified and constricted. The 
right atrial pressure increased during 
exercise before operation. The severe 
calcification of the right atrium gave 
a low atrial compliance and thereby a 
high transmural pressure during ex- 
ercise. In spite of the increase in right 
atrial pressure during exercise, there 
was only a small increase in the ANP 


ANP production at rest 
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left atria circulation 
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production in the right side of the 
heart (Figure 3). The operation 
made it possible for the right atrium 
to stretch during exercise, followed 
by an increase in production of ANP 
in spite of a lowered right atrial pres- 
sure. This indicates that atrial pres- 
sure and transmural pressure is not 
the main stimulus for ANP produc- 
tion. After operation, the left atrium 
decreased to 48 mm with a concomi- 
tant decrease of ANP production 
from the left atrium. 

The dilatation of the left atrium 
and elevated ANP production in con- 
strictive pericarditis seem to be more 
chronical changes. After pericardio- 
centesis because of acute cardiac 
tamponade in a patient with acute 
myocardial infarction, the left atrial 
dimensions increased from 43 to 47 
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mm and, simultaneously, the ANP 
was increasing from a subnormal to 
an increased ANP level, although the 
pressures of the right and left side of 
the heart decreased.‘ For example, in 
our patient, this indicates that 
stretch, not pressure, is the major 
stimulus for ANP production. 
ANP is secreted by exocytosis, 
probably through the endothelium 
into the atrial lumen and to the nutri- 
cial vessels in the atrial wall, but the 
exact mechanism is still unclear.‘ 
The small production of ANP mea- 
sured in the right atrium before oper- 
ation reflects a small contribution 
both through the endothelium of the 
right atrial wall as well as from the 
venous drainage from the coronary 
circulation to the coronary sinus. The 
high ANP production in the left atri- 
um must therefore almost entirely be 
secreted through the endothelium of 
the left atrial wall. After the opera- 
tion, the observed higher ANP con- 
centration in the right atrium proba- 
bly also reflects an ANP production, 
secreted to the nutricial vessels of the 
left atrial wall and drained to the 
right atrium via the coronary sinus. 


Based on these observations, we 
conclude that atrial stretch is the 
main stimulus for ANP production, 
while neither atrial compliance, in- 
traatrial transmural pressure nor 
atrial transmural pressure seems to 
be of significant importance for the 
total production of ANP. However, 
an increased level of ANP usually 
reflects high intraluminal atrial pres- 
sures in nonrestricted heart diseases. 
Finally, it seems as if an increased 
intramural atrial pressure of the atri- 
al walls obstructed an ANP excretion 
from the left atrium through the cor- 
onary sinus and facilitated a secre- 
tion directly through the endotheli- 
um into the left atrial lumen. 

It has recently been proposed that 
a high level of ANP is able to pro- 
voke pulmonary edema by increasing 
transcapillary water shifts due to al- 
terations in capillary permeability. A 
decreased ANP concentration has 
been considered as a reason for the 
near immunity from pulmonary ede- 
ma despite very high central circula- 
tory pressures.” In our patient, the 
level of ANP was elevated in the pe- 
ripheral circulation during pericardi- 
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al compression, but ANP was found 
to be low in the pulmonary circula- 
tion because ANP from the coronary 
circulation and the right atrium it- 
self was used and/or degradated be- 
fore reaching the pulmonary circula- 
tion. This lower ANP concentration 
in the pulmonary circulation might 
explain why pulmonary edema is an 
uncommon phenomenon in compres- 
sive pericardial disorders. 
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FROM THE EDITOR 


Coronary “Lesion,” Coronary “Disease,”’ 
““Single-Vessel Disease,” ‘““Two-Vessel Disease’’: 
Word and Phrase Misnomers Providing 
False Impressions of the Extent of 
Coronary Atherosclerosis in Symptomatic 
Myocardial Ischemia 


symptomatic myocardial ischemia generally dis- 

closes a significant narrowing in 1 or more of the 4 
major (right, left main, left anterior descending and left 
circumflex) epicardial coronary arteries. The degree of 
narrowing is determined by measuring the transverse di- 
mension of the opacified narrowed lumen and comparing 
this dimension to an adjacent lumen which is considered 
to be angiographically normal or nearly so. Thus, if the 
luminal diameter of the narrowing is 1 mm and the diam- 
eter of the adjacent lumen is 3 mm, the diameter reduc- 
tion is considered to be about 70%. This degree of narrow- 
ing frequently is described as a “70% lesion” and the 
artery containing the “lesion” is spoken of as being “dis- 
eased.” If only 1 of the 4 major coronary arteries contains 
a “significant lesion” (most commonly considered to bea 
narrowing >50% in diameter), then the patient is de- 
scribed as having “1-vessel or single vessel disease.” If >1 
major epicardial coronary artery contains a “lesion” 
>50% in diameter, the patient is considered to have “mul- 
tivessel disease.” If 2 arteries contain a “significant le- 
sion” then the patient is spoken of as having “2-vessel 
disease”; if 3 arteries contain a “significant lesion,” then 
the phrase “3-vessel disease” is applied. If 4 arteries con- 
tain “significant lesions,” the phrase “4-vessel disease” 
has rarely been applied. Most commonly in this circum- 
stance the patient is spoken of as having “left main dis- 
ease,” meaning that the lumen of the left main coronary 
artery is narrowed >50% or >70% in diameter. Whenev- 
er, however, the lumen of the left main coronary artery is 
narrowed >50% or >70% in diameter, the lumens of the 
other 3 major coronary arteries also are narrowed to a 
similar extent, and, therefore, the phrase “4-vessel dis- 
ease” is usually applicable in this circumstance.’ 

I have problems with the use of the words “lesion” and 
“disease” in the above described circumstances, and also 
problems with the phrases “‘1-vessel disease,” “2-vessel 
disease,” and “3-vessel disease.” The reason for concern is 
that the word “lesion” implies the presence of abnormali- 
ty at one site and the absence of abnormality at another 
site. Numerous necropsy studies in patients >30 years of 
age with fatal coronary artery disease, irrespective of the 
type of fatal coronary event, have disclosed that the ath- 


CC sie arterial angiography in patients with 


erosclerotic process, in essentially 

all patients, is diffuse and exten- 

sive.2 Furthermore, intravascular 

ultrasonic imaging in patients with 

symptomatic myocardial ischemia 

also has shown that the coronary 

atherosclerotic process is diffuse 

and extensive. Thus, the diffuse 

nature of coronary atherosclerosis 

as observed at necropsy in patients aP 

with fatal coronary artery disease a 

also has been confirmed to be present during life. It no 
longer can be surmised, therefore, that the diffuse nature 
of coronary atherosclerosis is limited to patients with 
fatal coronary artery disease. Furthermore, the same dif- 
fuse process of coronary atherosclerosis is observed at 
necropsy in patients with previous symptomatic myocar- 
dial ischemia but who died from a non-cardiac cause.’ 

Thus, the word “lesion” to describe an angiographic 
narrowing is not incorrect, but its implication, that “le- 
sions” are not present elsewhere in that artery or in anoth- 
er artery, is incorrect. I prefer the use of the word “nar- 
rowing” to describe angiographic luminal reductions be- 
cause lesions are present in all segments of the epicardial 
artery. Some “lesions” result in luminal narrowings 
<25% in diameter; others result in narrowings 26 to 50% 
in diameter; others 51 to 75%, and still others produce 
narrowings of 76 to 100%. The continual use of the word 
“lesion” instead of the words “significant narrowing” 
leads many to believe that coronary atherosclerosis in 
persons with symptomatic myocardial ischemia is a focal 
process, and this belief is incorrect. 

The word “disease” is not correct when applied to a 
“significant narrowing.” “Disease” is a word to be ap- 
plied to the general condition which, in this case of course, 
is “atherosclerosis.” The word “disease” is incorrectly 
applied when describing the most severely narrowed site 
in the artery. Thus, neither the word “lesion” nor “dis- 
ease” is correct because the condition is not limited to a 
single location in any one artery. 

The phrases “single-vessel disease” (1-vessel disease), 
“double-vessel disease” (2-vessel disease), “triple-vessel 
disease” (3-vessel disease) are not ideal because they 
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FIGURE 1. Diagram showing numbers of 
the entire lengths of the 4 major (left 


coronary arteries 





imply that the atherosclerotic process involves some and 
spares other coronary arteries. In persons over 30 years of 
age with symptomatic myocardial ischemia, a “signifi- 
cant narrowing” by angiography occasionally is limited 
to a single major coronary artery, but the other major 
coronary arteries are not “free of disease”; they simply 
have atherosclerotic plaques which reduce the luminal 
diameter <50% (or whatever definition is selected for 
“significant narrowing”). The significant narrowing or 
narrowings represent only the sites of the largest athero- 
sclerotic plaques; the other sites also contain plaques, but 
they are smaller ones, and consequently produce less lu- 
minal narrowing. Whenever any plaque in a coronary 
artery is large enough to cause “significant narrowing” at 
any site, it is best to assume that all portions of the 
epicardial coronary arteries also contain plaque. Thus, if 
1 major epicardial coronary artery is significantly nar- 
rowed (the narrowing may be shorter in length than 1 
cm) and the lengths of the right (10 cm), left anterior 
descending (10 cm), left circumflex (6 cm), and left main 
(1 cm) coronary arteries are placed together, all 27 cm 
contain atherosclerotic plaques of varying sizes (Figure 
1). The sites of “significant narrowing” merely represent 
the largest mountains in the 27-cm chain. Even in the 
patient with “significant narrowing” of a single major 
coronary artery, the amount of plaque present in all 4 
major coronary arteries as a proportion of the total poten- 
tial lumen (that enclosed by the internal elastic mem- 
brane) of all 4 arteries probably represents about 40% 
(Figure 1). In the patient with significant narrowing by 
angiogram of 2 major coronary arteries, the other major 
arteries always contain plaque in each of their 5-mm long 
segments. In this circumstance, the amount of plaque 
present in all 4 major arteries, as a proportion of the total 
potential lumen, probably represents at least 50%. In the 
patient with significant narrowing by angiogram of 3 
major arteries (right, left anterior descending, left cir- 
cumflex), the amount of plaque present in all 4 major 
arteries, as a proportion of the total potential lumen, 
probably represents at least 60%. In the patient with 
significant narrowing by angiogram of all 4 major coro- 
nary arteries, the amount of plaque present in all 4 arter- 
ies, as a proportion of the total potential lumen, probably 
represents at least 70%. Thus, the more arteries contain- 
ing a “significant narrowing” at any site in the artery, the 
greater the amount of total plaque in that artery and in 
the “insignificantly narrowed” arteries. 

Not only are virtually all 5-mm long segments of the 4 
major epicardial coronary arteries sites of atherosclerotic 


plaque in patients with symptomatic or fatal myocardial 
ischemia, but a certain threshold of total luminal narrow- 
ing appears to be required to produce fatal or non-fatal 
myocardial ischemia. By study of each 5-mm long seg- 
ment of each of the 4 major epicardial coronary arteries 
in various subsets of coronary patients, the lumens in 
about a third of the entire lengths of the 4 arteries are 
narrowed >75% in cross-sectional area by plaque and 
another third are narrowed 51-75% in cross-sectional 
area by plaque.” Although some patients with fatal coro- 
nary events have considerably less quantities of plaque in 
the coronary arteries, others have considerably more 
quantities of plaque, to such an extent at times that <20% 
of the potential lumen of the 4 major coronary arteries is 
not obliterated by plaque. 

Thus, coronary atherosclerosis in patients with fatal 
or symptomatic myocardial ischemia is a diffuse and 
extensive process. Knowledge that the plaque deposits 
are extensive and diffuse might cause some to question 
the rationale of coronary bypass or coronary angioplasty. 
These procedures, however, have proved their value irre- 
spective of the extent of the atherosclerotic process. Nev- 
ertheless, the extensive nature of the process suggests that 
only a fine line separates adequate myocardial oxygen- 
ation from inadequate myocardial oxygenation and that 
small structural alterations can produce large functional 
differences. Because such large amounts of coronary 
plaque are required before evidence of myocardial isch- 
emia results, it is possible that relatively small changes in 
our dietary habits could have relatively large effects on 
the sizes of plaques in our coronary arteries. 


(Willen C. RRS 


William Clifford Roberts, MD 
Editor in Chief 


1. Bulkley BH, Roberts WC. Atherosclerotic narrowing of the left main coronary 
artery. A necropsy analysis of 152 patients with fatal coronary heart disease and 
varying degrees of left main narrowing. Circulation 1976;53:823-828. 

2. Roberts WC. Qualitative and quantitative comparison of amounts of narrow- 
ing by atherosclerotic plaques in the major epicardial coronary arteries at necrop- 
sy in sudden coronary death, transmural acute myocardial infarction, transmural 
healed myocardial infarction and unstable angina pectoris. Am J Cardiol 
1989;64:324-328. 

3. Virmani R, Roberts WC. Non-fatal healed transmural myocardial infarction 
and fatal non-cardiac disease. Qualification and quantification of coronary arteri- 
al narrowing and of left ventricular scarring in 18 necropsy patients. Br Heart J 
1981 ;45:434-441. 
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READERS’ COMMENTS 


Blood Hematocrit Changes After 
Coronary Angioplasty 


The hematocrit changes after uncom- 
plicated percutaneous transluminal coro- 
nary angioplasty reported in the Journal! 
may be substantially artifact. This asser- 
tion depends on our assumption that the 
hematocrit was estimated in patients in an 
upright posture, perhaps as an outpatient 
or soon after admission before the proce- 
dure, and in a recumbent posture after the 
procedure. If this is so, the decrease in 
apparent hematocrit may have been in 
large part a consequence of the well-docu- 
mented “hemodilution” effect of recum- 
bency on all nonfilterable blood constitu- 
ents.” It is thought the effect is due to 
increased intravascular hydrostatic pres- 
sure in dependent parts in the erect pos- 
ture causing some extravasation of plas- 
ma. This effect is reversed when the su- 
pine posture is assumed. The change in 
plasma volume with alteration of posture 
between supine and erect as measured by 
Evans blue dye dilution is between 8 and 
12.5% in healthy subjects and up to 21% in 
edematous patients. The impact on dif- 
ferent plasma constituents in healthy sub- 
jects appears to vary: 7 to 15% for macro- 
molecules and 4 to 10% for blood hemo- 
globin.? 

Hence, much of the apparent decrease 
in hematocrit may have been related to 
change in posture. The remainder of the 
hematocrit decrease may have been due to 
blood sampling and some blood loss relat- 
ed to insertion and removal of the sheath. 
Without a posture artifact, the decrease in 
hematocrit observed in the angioplasty 
study would imply a blood loss of up to 
750 ml. This is a disconcerting volume of 
blood loss in patients with rather critical 
coronary perfusion. It would appear likely 
that the real blood loss may have been 


rather less. 
Simon Dimmitt, mB 
Perth, Australia 
30 January 1990 


1. Phillips SJ, Spector M, Zeff RH, Skinner 
JR, Toon RS, Grignon A, Kongtahworn C. He- 
matocrit changes after uncomplicated percuta- 
neous transluminal coronary angioplasty. Am J 
Cardiol 1989;64:940. 

2. Felding P, Tryding N, Hyltoft Petersen P, 
Horder M. Effects of posture on concentrations 
of blood constituents in healthy adults: practi- 
cal application of blood specimen collection 
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Committee on Reference Values. Scand J Clin 
Lab Invest 1980;40:615-621., 

3. Fawcett JK, Wynn V. Effects of posture on 
plasma volume and some blood constituents. J 
Clin Pathol 1960;13:304-310. 


REPLY: I thank Dr. Dimmitt for his inter- 
esting approach in analyzing the changes 
in hematocrits that we observed in our 
angioplasty patients. Although we did 
factor in such things as hemodilution sec- 
ondary to intravenous replacement during 
the procedure and phlebotomy for testing, 
we certainly did not consider posture as a 
major factor causing hematocrit changes 
in these patients. I am not aware of any 
published findings that caution physicians 
about this effect related to the need for 
blood transfusion when this occurs. An 
example of this would be during or after 
coronary artery bypass surgery. In any 
event, our patient population group is not 
“modern.” In other words, the data refer 
to patients who underwent angioplasty 
when the technology was not as advanced 
as it is today (lots of catheter and wire 
exchanges were not used as frequently as 
they are today). 

The purpose of our article was not to 
condemn angioplasty but simply to alert 
those performing it of the potential blood 
loss of the procedure. Our cardiologists 
who perform more than 1,500 angioplast- 
ies a year have significantly decreased 
their patients’ blood loss because of the 


modifications in their techniques. 
Steven J. Phillips, mp 
Des Moines, Iowa 
21 February 1990 


Lack of Apolipoprotein A1 in 
Patients Recovering from 
Myocardial Infarction 


Tasaki et al' found lesser values for 
apolipoprotein Al (Apo A1) in subjects 
with angina pectoris and coronary artery 
disease. We have also found a difference 
in patients who have had myocardial 
infarction. Our findings come from a 
comparative study involving 60 subjects. 
Sixteen of them had had myocardial in- 
farctions, which were diagnosed from pre- 
cordial pain and the appearance of Q 
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waves on the electrocardiogram. These 
patients were observed 2 months after the 
acute phase and compared with other sub- 
jects, who were apparently healthy and 
who came from a mid-high socioeconomic 
stratum and live in Colima, on the west 
coast of the Mexican Republic. 
Determination of Apo Al levels was 
done in venous blood taken after a 12- 
hour fast and processed by means of lipo 
partigen Apo A1 technique of diffusion on 
plate. The values for the patient group 
were 699 + 118 mg/liter while those of 
the control group were 941 + 332 mg/ 
liter (p <0.001 by Student’s ¢ test). 
There have been similar reports? in 
which lack of Apo A1 is related to athero- 
sclerosis. Apparently, increasing Apo Al 
levels with medical treatment might re- 
duce the incidence of coronary events.*5 
Given that the fundamental role of apo- 
lipoprotein A1 is the extraction of choles- 
terol drops from the smooth muscle cells 
and the vascular endothelium cells,°”’ as 
well as participation in the formation of 
high density lipoprotein for reverse cho- 
lesterol transportation, lack of it can stop 
metabolism of cholesterol at this point 
and thus can lead to the cellular damage 
characteristic of atherosclerosis. 
Cuauhtemoc Acoltzin, mp 
Yolanda Lezama 
Colima, México 
25 September 1989 
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What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,' and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 
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CORONARY ARTERY DISEASE 


Stet 2. fe ee e a a a 
Possible Survival Benefit from Concomitant Beta- but 
Not Calcium-Antagonist Therapy During Reperfusion 
for Acute Myocardial Infarction 

Stephen G. Ellis, David W. Muller, and Eric J. Topol 


To test the hypothesis that long-term 8- or calcium-antagonist 
therapy begun before the time of myocardial infarction and 
coronary reperfusion might improve patients’ in-hospital sur- 
vival compared with reperfusion alone, 424 consecutive pa- 
tients successfully reperfused with coronary angioplasty within 
12 hours of infarct symptom onset were retrospectively charac- 
terized. Forty-seven patients (11%) were taking 8 antagonists 
and 74 patients (17%) were taking calcium antagonists at the 
time of infarction. Data indicate that 6-blocker therapy, not 
calcium-antagonist therapy, taken before reperfusion for acute 
myocardial infarction may improve early survival compared to 
reperfusion alone. 


129 

Effects of Propranolol in Non-Q-Wave Acute 
Myocardial Infarction in the Beta Blocker Heart Attack 
Trial 

Mihai Gheorghiade, Lonni Schultz, Barbara Tilley, 

Walter Kao, and Sidney Goldstein 


This post hoc analysis of the Beta Blocker Heart Attack Trial 
evaluated the effect of daily propranolol therapy versus place- 
bo in patients with non-Q-wave acute myocardial infarction. 
Propranolol was not shown to be beneficial in reducing the 
cardiac event rate in patients recovering from a non-Q-wave 
AMI. 


SSRI Sat Lia A Pe Ree) Od ae E y i 
Effects of Posture on Metabolic and Hemodynamic 
Predischarge Exercise Response After Acute 
Myocardial Infarction 

Leslee J. Shaw, Liwa T. Younis, Karen S. Stocke, 

Ashok K. Sharma, and Bernard R. Chaitman 


To study the impact of position on cardiopulmonary exercise 
response, 30 patients performed symptom-limited upright 
treadmill and supine bicycle ergometry exercise an average of 
8 days after an acute myocardial infarction. The exercise se- 
quence was randomly assigned with a minimum 4-hour inter- 
val between tests. Our data indicate that position is an impor- 
tant determinant of myocardial ischemic response and exercise 
tolerance in patients who perform symptom-limited exercise 
tests early after AMI. 


140 Se 
Time of Onset of Symptoms of Acute Myocardial 
Infarction 

Robert J. Goldberg, Priscilla Brady, James E. Muller, 

Zuoyao Chen, Marlies de Groot, Paul Zonneveld, 

and James E. Dalen 


We examined the time of onset of acute mycardial infarction 
in relation to awakening in 137 patients with confirmed AMI. 
Approximately 23% of the patients reported onset of initial 
symptoms of AMI within the first hour of awakening. Our 
results add to the previous observations of a circadian morning 
increase of AMI onset. 


145 mh a rel se a a A 
Myocardial Protection by Intravenous Diltiazem During 
Angioplasty of Single-Vessel Coronary Artery Disease 
Johannes J.R.M. Bonnier, Tom Huizer, Roel Troquay, 

Gerrit Anne van Es, and Jan Willem de Jong 


We studied the cardioprotective effect of diltiazem versus pla- 
cebo during ischemia caused by coronary angioplasty by mea- 
suring electrocardiograms, myocardial lactate, hypoxanthine 
and urate production in 26 patients. Diltiazem significantly 
reduced cardiac hypoxanthine release after each angioplasty 
and diminished cardiac urate production after the last dilata- 
tion but did not reduce ST-segment elevation and lactate 
release. 


151 

Quantitative Exercise Thallium-201 Rotational 
Tomography for Evaluation of Patients with Prior 
Myocardial Infarction 

Pierre Chouraqui, Jamshid Maddahi, Enrique Ostrzega, 
Kenneth Van Train, Yzhar Charuzi, Florence Prigent, 
and Daniel S. Berman 


The utility of stress-redistribution thallium-201 myocardial 
perfusion single-photon emission computed tomography in pa- 
tients with a prior single myocardial infarction was evaluated 
in 66 patients who were tested by both thallium SPECT and 
coronary angiography. SPECT was quantified by comparing 
the patients’ circumferential count profiles to a previously es- 
tablished normal data base and by plotting the results onto a 
polar coordinate map that localized defects to the 3 major 
coronary artery territories. Using the new quantitative thalli- 
um SPECT criteria, accuracy for detection of patients with 
multivessel coronary disease was 86%, which was significantly 
higher (p <0.05) than those of clinical response (48%), electro- 
cardiographic response (56%) or their combined response 
(65%) to treadmill exercise test. 
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eke Ak oth sie a Pott a aS Ae ne ee 
Comparison of Thallium Redistribution with Rest 
‘‘Reinjection” Imaging for the Detection of Viable 
Myocardium 

Thomas P. Rocco, Vasken Dilsizian, Kenneth A. McKusick, 
Alan J. Fischman, Charles A. Boucher, and H. William Strauss 


Forty-one patients participated in this study of the incidence of 
incomplete redistribution on conventional delayed thallium- 
201 imaging, which was followed by reinjection at rest to ob- 
tain a third set of images. Of the 141 segments demonstrating 
a persistent defect on conventional delayed images, 44 (31%) 
were assigned a redistribution score after reinjection. Our find- 
ings suggest that rest-reinjection imaging may provide a means 
of detecting viable myocardium in segments that demonstrate 
a fixed perfusion abnormality on conventional delayed thalli- 
um images. 


Ce A AEE e. A CENAA TOE O E E 
Antianginal Hemodynamic and Coronary Vascular 
Effects of Captopril in Stable Angina Pectoris 

Hamid Ikram, Clive J.S. Low, Teresa Shirlaw, 

Carolyn M. Webb, A. Mark Richards, and lan G. Crozier 


We performed a pilot study to assess the short-term effects of 
intravenous captopril on anginal threshold and systemic and 
coronary hemodynamics in patients with stable angina pecto- 
ris. Twelve patients with documented coronary artery disease, 
stable angina pectoris and normal left ventricular function 
were studied by an incremental atrial pacing stress test before 
and after intravenous captopril (n = 8) or placebo (n = 4). 
Our data suggest that intravenous captopril causes a short- 
term increase of coronary vascular reserve and anginal thresh- 
old in patients with chronic stable angina, subjected to an atri- 
al pacing stress test. 


l URE ES 2 T EEE EDAN EAR E E EAA NESE DETR E ARAA 
Percutaneous Transluminal Coronary Angioplasty for 
Rest Angina Pectoris Requiring Intravenous 
Nitroglycerin and Intraaortic Balloon Counterpulsation 
Douglass A. Morrison, with the technical assistance of 
Charles Barbierre, Amy Cohan, Mary Ann Olsen, Ray Stovall, 
and Dianne Wolff 


Experience with coronary angioplasty for rest angina, which 
necessitated intravenous nitroglycerin and intraaortic balloon 
counterpulsation, was reviewed. A single operator at a Veter- 
ans Administration center performed angioplasty on 73 vessels 
in 56 patients who met these criteria during a 22-month period. 
This small, selected series suggests that a randomized, prospec- 
tive trial between angioplasty and bypass surgery may be feasi- 
ble and appropriate. 


RS PRI PE ae i CE ater SR MERE MAT, NE SISA Wa a cae 
Clinical Relevance of Exercise-induced Ventricular 
Arrhythmias in Suspected Coronary Artery Disease 
Mark A. Marieb, George A. Beller, Robert S. Gibson, 

Bruce B. Lerman, and Sanjiv Kaul 


The clinical relevance of exercise-induced ventricular arrhyth- 
mias was evaluated in 383 patients undergoing both cardiac 
catheterization and thallium-201 stress-testing. One hundred 
sixty-two (42%) patients had these arrhythmias. Our data indi- 
cate that exercise-induced ventricular arrhythmias are associ- 
ated with exercise-induced ischemia and provide prognostic in- 
formation that adds marginally to that provided by other inva- 
sive parameters in patients being evaluated for chest pain. 
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Effect of Type A Behavior on Exercise Test Outcome in 
Coronary Artery Disease 

William C. Siegel, Mark A. Hlatky, Daniel B. Mark, 

John C. Barefoot, Frank E. Harrell, Jr., David B. Pryor, 

and Redford B. Williams, Jr. 


We investigated whether type A behavior would affect exercise 
test outcome by influencing such exercise test performance 
factors as exercise time and the maximum heart rate achieved. 
Within a 6-week period, the 1,260 study patients underwent 
coronary angiography, a structured interview to assess type A 
behavior and a treadmill exercise test. Among these patients, 
818 (65%) had significant CAD, and 852 (68%) were type A. 
There were no significant differences between type A and B 
subjects in maximum exercise heart rate, exercise time, per- 
cent of treadmill tests that were positive, exercise test sensitiv- 
ity or specificity. Thus, the presence of type A behavior does 
not need to be taken into account when interpreting exercise 
test outcome. 


183 PE al ab EEN T 
Sudden Cardiac Death Associated with Exercise: The 
Risk-Benefit Issue 

Vincent E. Friedewald, Jr. and Dale W. Spence 


There is an increased risk of sudden cardiac death associated 
with physical exertion. Although the risk is small, it warrants 
consideration by physicians and their patients who pursue ex- 
ercise. Patients should be aware that there is some degree of 
risk, and they should be advised about appropriate exercise 
procedures to minimize the risk. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


189 PEETER SS A A S A B 
Cost of Catheter Versus Surgical Ablation in the Wolff- 
Parkinson-White Syndrome 

Michael de Buitleir, Edward L. Bove, Stephen Schmaltz, 

Alan H. Kadish, and Fred Morady 


We compared the cost of catheter ablation with that of surgi- 
cal ablation of accessory pathways in the Wolff-Parkinson- 
White syndrome. For the treatment of WPW syndrome, cath- 
eter ablation is significantly less expensive than surgical abla- 
tion and facilitates rapid return to work. 


193 

Benefits of Physiologic Atrioventricular 
Synchronization for Pacing with an Exercise Rate 
Response 

Joel S. Landzberg, Jay O. Franklin, Suresh K. Mahawar, 
Ronald B. Himelman, Elias H. Botvinick, Nelson B. Schiller, 
Michael J. Springer, and Jerry C. Griffin 


To test the impact of suboptimal atrial activation during tread- 
mill exercise, we evaluated 12 patients with normal sinoatrial 
node function and dual-chamber pacemakers. During exercise 
with rate-responsive pacing an appropriate atrioventricular re- 
lation is beneficial. 
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Usefulness of Physiologic Dual-Chamber Pacing in 


Drug-Resistant Idiopathic Dilated Cardiomyopathy 
Margarete Hochleitner, Helmut Hértnagl, Choi-Keung Ng, 
Heide Hortnagl, Franz Gschnitzer, and Wolfgang Zechmann 


In 16 patients with end-stage idiopathic dilated cardiomyopa- 
thy in whom conventional drug therapy had failed, we evaluat- 
ed the effects of physiologic dual-chamber pacing. All patients 
showed a striking improvement in clinical symptoms after 
pacemaker implantation and no major complications devel- 
oped. DDD pacing may be an alternative approach to manage 
patients with chronic heart failure due to dilated 
cardiomyopathy. 


203 


Infection of the Heart by the Human Immunodeficiency 


Virus 
Wayne W. Grody, Lorna Cheng, and William Lewis 


Although heart muscle disease in patients with AIDS is a 
growing Clinical problem, its pathogenesis remains obscure. 
Using the technique of in situ deoxyribonucleic acid hybridiza- 
tion, we studied cardiac tissues obtained at autopsy from AIDS 
patients. Our findings present the first microscopically docu- 
mented evidence of direct infection of the heart by the human 
immunodeficiency virus, and expand the known host cell range 
for this agent. 


CONGENITAL HEART DISEASE 


207 


Transeosophageal Echocardiographic Guidance of 


Transcatheter Closure of Atrial Septal Defects 
William E. Hellenbrand, John T. Fahey, Francis X. McGowan, 
Gregory G. Weltin, and Charles S. Kleinman 


We accomplished transcatheter closure of atrial septal defect 
in 10 of 11 patients aged 13 months to 46 years (weight range 
11 to 77 kg) and used transesophageal echocardiography si- 
multaneously with fluoroscopic imaging in 4 of these patients 
aged 4.5 to 46 years (weight range 19 to 77 kg). The concomi- 
tant use of TEE with fluoroscopic imaging provides informa- 
tion that is unique and complementary and may improve the 
efficacy and safety of the transcatheter technique for ASD 
closure. 
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Incremental Diagnostic Yield of Loop 
Electrocardiographic Recorders in Unexplained 
Syncope 

Mark Linzer, Edward L.C. Pritchett, Michele Pontinen, 
Elizabeth McCarthy, and George W. Divine 


In 57 consecutive patients with syncope unexplained by 24 
hours of Holter monitoring, loop recording was definitively 
able to determine in 14 patients whether an arrhythmia was 
the cause of symptoms (diagnostic yield 25%, 95% confidence 
interval 14 to 38%). This diagnostic yield is comparable to that 
of invasive electrophysiologic testing, and over twice that of 
Holter recording. Loop electrocardiographic recording is an 
important, new, noninvasive diagnostic test in patients with 
unexplained syncope. 
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a i ENE E A E E TIELKO E eee er E RL 
Evaluating Effects of Treatment in Subgroups of 
Patients Within a Clinical Trial: The Case of Non-Q- 
Wave Myocardial Infarction and Beta Blockers 

Salim Yusuf, Janet Wittes, and Jeffrey Probstfield 


223 EET a PTE EE AEA NEE oe ee OEE RF VE 
Pacemaker Therapy in Congestive Heart Failure 
Abdulmassih S. Iskandrian 


BRIEF REPORTS 


225 

“Ischemic” ST-Segment Changes During the 
Pericatheterization Period in Men with 
Angiographically Confirmed Coronary 

Artery Disease 

E. Joseph Bauerlein, Eduardo J. de Marchena, 
Paula M. Wozniak, Celia Michaels, Mark Ackerman, 
Robert J. Myerburg, and Kenneth M. Kessler 


RR es RPA C ETTA o DY, Sep as aota LA 
Clinical Significance of Pericardial Rub in Inferior Wall 
Q-Wave Acute Myocardial Infarction 

Tetsuro Sugiura, Toshiji Iwasaka, Nobuyuki Takahashi, 

Yo Nagahama, Tadashi Hasegawa, Masahide Matsutani, 
Tsutomu Sumimoto, and Mitsuo Inada 


gee PANEN OREP: KLAN AECI aO CVLO NAE 
Effects of Encainide and Amiodarone on the Adaptation 
of Ventricular Refractoriness to an Increase in Rate 
Shimon Rosenheck, Stephen Schmaltz, Alan H. Kadish, 

and Fred Morady 


230 a SSC Le a AAS ON eee E aa ee! 
Utility of Transesophageal Echocardiography in 
Interatrial Septal Puncture During Percutaneous Mitral 
Balloon Commissurotomy 

Raj S. Ballal, Edward F. Mahan Ill, Navin C. Nanda, 

and Larry S. Dean 


CIR RS ce ENE a a SRE ORME DE 
Absent Pulmonary Valve Syndrome with Ventricular 
Septal Defect: Role of the Arterial Duct 

Jose A. Ettedgui, Gurleen K. Sharland, Sunder K. Chita, 
Andrew Cook, Nuala Fagg, and Lindsey D. Allan 
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Increased Prevalence of Atrial Septal Aneurysm in 
Prolapse 


Mitral Valve 
Peter S. Rahko and Qi Bin Xu 


237 


Menstrual Patterns in Females After the Fontan Repair 


Mary M. Canobbio, Douglas D. Mair, Andrea J. Rapkin, 
Joseph K. Perloff, and Barbara L. George 


Ultradian, Circadian and Infradian Periodicity of Some 


Cardiovascular Emergencies 
Pietro Cugini, Loredana Di Palma, Paola Battisti, Giuseppe 
Leone, Enrico Materia, Alessandro Parenzi, Mario Romano, 
Ugo Ferrera, and Manlio Moretti 
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Platelet Infusion-Related 
Jean-Jacques Monsuez, Jean-Michel Miclea, Pauline Brice, 
Laurent Chauveinc, and Michel Boiron 


CASE REPORT 


246 


identification of Human Immunodeficiency Virus-1 


RNA and DNA in the Heart of a Child with 


Steven E. Lipshultz, 
Stephen P. Sanders, Steven D. Colan, Kenneth Mcintosh, 
and Harland S. Winter 
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Possible Survival Benefit from Concomitant Beta- but Not 
Calcium-Antagonist Therapy During Reperfusion for Acute 
Myocardial Infarction 

Stephen G. Ellis, David W. Muller, and Eric J. Topol 


To test the hypothesis that long-term B- or calcium-antagonist therapy 
begun before the time of myocardial infarction and coronary reperfusion 
might improve patients’ in-hospital survival compared with reperfusion 
alone, 424 consecutive patients successfully reperfused with coronary an- 
gioplasty within 12 hours of infarct symptom onset were retrospectively 
characterized. Forty-seven patients (11%) were taking 8 antagonists and 
74 patients (17%) were taking calcium antagonists at the time of infarc- 
tion. Patients receiving 8 blockers had a more frequent history of hyper- 
tension and prior infarction than those not so treated and patients receiv- 
ing calcium antagonists had a more frequent history of prior infarction, 
prior angina, hypertension and diabetes than their nontreated counter- 
parts. After adjustment for significant independent correlates of in-hospi- 
tal death (recurrent ischemia, proximal left anterior descending coronary 
infarction, 3-vessel disease, patient age and initial total occlusion of the 
infarct artery), 8 antagonist use (mortality = 0 vs 8% without treatment) 
was significantly correlated with improved survival (p = 0.048), whereas 
calcium-antagonist therapy made no difference in survival. Heart rate and 
left ventricular end-diastolic pressure upon presentation were significantly 
lower with -antagonist therapy. Thus, 6-blocker therapy, but not calci- 
um-antagonist therapy, taken before reperfusion for acute myocardial 
infarction may improve early survival compared to reperfusion alone. 


129 

Effects of Propranolol in Non-Q-Wave Acute Myocardial 
Infarction in the Beta Blocker Heart Attack Trial 

Mihai Gheorghiade, Lonni Schultz, Barbara Tilley, Walter Kao, and 
Sidney Goldstein 


This post hoc analysis of the Beta Blocker Heart Attack Trial (BHAT) 
` evaluates the effects of daily administration of propranolol, 180 or 240 
mg/day, after a non-Q-wave acute myocardial infarction (AMI). The 
study population consisted of 601 patients with enzymatically proven non- 
Q-wave AMI, which represented 17% of the BHAT patients. Of these, 
310 patients were randomized to propranolol and 291 patients to placebo. 
There were no significant baseline differences between groups. The medi- 
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an follow-up was 24.6 months. Mortality was 7.8% (sudden death 4.8%) 
in the propranolol group and 7.9% (sudden death 4.8%) in the placebo 
group (p >0.99, log rank test). In this post hoc group analysis of the 
BHAT, propranolol was not shown to be beneficial in reducing the cardiac 
event rate in patients recovering from a non-Q-wave AMI. 


134 

Effects of Posture on Metabolic and Hemodynamic 
Predischarge Exercise Response After Acute Myocardial 
Infarction 

Leslee J. Shaw, Liwa T. Younis, Karen S. Stocke, Ashok K. Sharma, and 
Bernard R. Chaitman 


Symptom-limited upright exercise and supine bicycle ergometry were 
performed in 30 postinfarct patients before hospital discharge. The exer- 
cise sequence was randomly assigned. Expired gas analyses, electrocardio- 
graphic and physiologic exercise variables were collected and differences 
between the 2 exercise positions were measured. The exercise oxygen 
consumption, ventilatory exchange, oxygen pulse, exercise time, heart rate 
and rate pressure product were greater in the upright position. The inci- 
dence of ischemic ST-segment depression and chest pain were more com- 
mon in the upright position. The data indicate an increased incidence of 
myocardial ischemia in the upright position, resulting from increased work 
output as measured by direct respiratory gas measurements and perhaps 
more rapid premature localized skeletal muscle fatigue in the supine 
position in postinfarct patients. 


IN eh Ne a AEE VOE a i ate agi 
Time of Onset of Symptoms of Acute Myocardial Infarction 
Robert J. Goldberg, Priscilla Brady, James E. Muller, Zuoyao Chen, 
Marlies de Groot, Paul Zonneveld, and James E. Dalen 


Several studies have observed an increased occurrence of acute myocardi- 
al infarction (AMI) in the morning. No published reports have examined 
the time of onset of AMI in relation to time after awakening. The present 
study examines the times of onset of AMI in relation to awakening in 137 
patients with confirmed AMI. Information concerning time of awakening 
on the day of AMI revealed a marked increase in the onset of initial AMI 
symptoms within the first hour after awakening. An increased onset of 
symptoms of AMI soon after awakening was also observed when patients 
in whom the acute cardiac symptoms were known to or may have caused 
awakening were excluded from consideration. This was also noted in 
various additional patient subgroups examined. These results extend pre- 
vious observations of the circadian morning increase of AMI onset and 
assist in narrowing the search for potential triggers for the onset of AMI. 


Continued on page A20 
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Myocardial Protection by Intravenous Diltiazem During 
Angioplasty of Single-Vessel Coronary Artery Disease 
Johannes J.R.M. Bonnier, Tom Huizer, Roel Troquay, 

Gerrit Anne van Es, and Jan Willem de Jong 


We tested the cardioprotective effect of diltiazem during ischemia caused 
by coronary angioplasty. Electrocardiograms were obtained and myocar- 
dial lactate, hypoxanthine and urate production were determined in 26 
patients with a stenosis in the left anterior descending artery. Measure- 
ments took place before angioplasty, after each of 4 occlusions and 15 
minutes after the last balloon inflation. Patients were randomly given 
placebo or DL-diltiazem (0.4 mg/kg intravenous bolus, 15 mg/hr infu- 
sion). During angioplasty the ST-segment elevation in various leads was 
similar for both groups, as was lactate release. Diltiazem significantly 
reduced cardiac hypoxanthine release by 63 to 88% (p <0.05). The drug 
diminished cardiac urate production after the last dilatation by 82% (p 
<0.05). Thus diltiazem reduced adenosine triphosphate catabolism as 
shown by diminished hypoxanthine and urate production. In contrast, 
reduction of ST-segment elevation and lactate release could not be demon- 
strated. 


BU i oe a Nk AE A Ea BPA EAE AT A SRT aged 
Quantitative Exercise Thallium-201 Rotational Tomography 
for Evaluation of Patients with Prior Myocardial Infarction 
Pierre Chouraqui, Jamshid:Maddahi, Enrique Ostrzega, 

Kenneth Van Train, Yzhar Charuzi, Florence Prigent, 

and Daniel S. Berman 


The utility of stress-redistribution thallium-201 myocardial perfusion sin- 
gle-photon emission computed tomography (SPECT) in patients with a 
prior single myocardial infarction was evaluated in 66 patients who were 
tested by both thallium SPECT and coronary angiography. Thallium 
SPECT detected prior myocardial infarction with a sensitivity of 94%. 
Defect reversibility was common (65%) in the infarct zone and correlated 
with angiographic evidence of flow to the infarct zone. Late (18 to 24 
hours) redistribution imaging showed more extensive defect reversibility 
in the infarct zone than 4-hour redistribution imaging. To improve speci- 
ficity for detection of disease in coronary arteries supplying the noninfarct 
territories, new quantitative criteria were developed that took into consid- 
eration contiguity of noninfarct territory defects with the infarct zone. 
Using the new quantitative thallium SPECT criteria, accuracy for detec- 
tion of patients with multivessel coronary disease was 86%, which was 
significantly higher (p <0.05) than those of clinical response (48%), 
electrocardiographic response (56%) or their combined response (65%) to 
treadmill exercise test. 


Continued on page A24 
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No two are exactly alike. 


Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 
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suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects, 


To maintain the high standards 
of quality care, and because 
some drugs work better than 


others on different people, it is 
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America’s research-based phar- 
maceutical companies are com- 
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range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 
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Comparison of Thallium Redistribution with Rest 
‘““Reinjection” Imaging for the Detection of Viable Myocardium 
Thomas P. Rocco, Vasken Dilsizian, Kenneth A. McKusick, 

Alan J. Fischman, Charles A. Boucher, and H. William Strauss 


The incidence of incomplete redistribution on conventional delayed thalli- 
um images was evaluated in 41 patients. After conventional delayed 
imaging, the patients were reinjected at rest with approximately 1 mCi of 
thallium-201 and a third set of images was recorded. Of 360 segments 
analyzed, concordance between the delayed and reinjected images oc- 
curred in 307 (85%). Of 141 segments with a persistent perfusion abnor- 
mality on 3- to 4-hour delayed images, 44 (31%) were reassigned to a 
redistribution score after reinjection. In 9 patients, reinjection images 
provided the only scintigraphic evidence of ischemia. These data suggest 
that rest reinjection may provide a means of detecting viable myocardium 
in segments that demonstrate a fixed perfusion abnormality on conven- 
tional delayed thallium images. 


pH AA SPS AST SC Se cra a IGEN Ee Mts Sr IN ANE FE RST Sh ST 
Antianginal Hemodynamic and Coronary Vascular Effects of 
Captopril in Stable Angina Pectoris 

Hamid Ikram, Clive J.S. Low, Teresa Shirlaw, Carolyn M. Webb, 

A. Mark Richards, and lan G. Crozier 


Patients with stable angina pectoris, normal left ventricular function and 
normal plasma-renin activity were studied by an incremental atrial pacing 
stress test before and after intravenous captopril (n = 8) or placebo (n = 
4). Captopril increased the time to angina (14 + 4 to 19 + 5 minutes, p 
<0.05), increased coronary blood flow and decreased coronary vascular 
resistance at peak stress without alteration in systemic hemodynamics. No 
significant changes were seen after placebo administration. Our data 
suggest that intravenous captopril causes a short-term increase of coro- 
nary vascular reserve and anginal threshold in patients with chronic stable 
angina, subjected to an atrial pacing stress test. This effect appears to be 
independent of inhibition of the systemic renin-angiotensin system or 
systemic hemodynamic changes. 


i a eB IS a a ee ae ed 
Percutaneous Transluminal Coronary Angioplasty for Rest 
Angina Pectoris Requiring Intravenous Nitroglycerin and 
Intraaortic Balloon Counterpulsation 

Douglass A. Morrison, with the technical assistance of Charles Barbierre, 
Amy Cohan, Mary Ann Olsen, Ray Stovall, and Dianne Wolff 


Experience with coronary angioplasty for rest angina, which necessitated 
intravenous nitroglycerin and intraaortic balloon counterpulsation, was 
reviewed. A single operator at a Veterans Administration center per- 
formed angioplasty on 73 vessels in 56 patients who met these criteria 
during a 22-month period. Relief of angina and dilatation of >30% of 21 
vessel was accomplished in 47 patients (84%) with in-hospital deaths (2 
patients, 3.6%), myocardial infarctions (4 patients, 7.2%) and emergent 
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bypass surgeries (4 patients, 7.2%) that are greater than for stable pa- 
tients. In follow-up of 3 to 36 months, there has been 1 additional death, 1 
additional infarction, 2 repeat angioplasties and 6 late bypass operations. 
This small, selected series suggests that a randomized, prospective trial 
between angioplasty and bypass surgery may be feasible and appropriate. 


172 

Clinical Relevance of Exercise-induced Ventricular 
Arrhythmias in Suspected Coronary Artery Disease 

Mark A. Marieb, George A. Beller, Robert S. Gibson, Bruce B. Lerman, 
and Sanjiv Kaul 


The clinical relevance of exercise-induced ventricular arrhythmias was 
evaluated in 383 patients undergoing both cardiac catheterization and 
thallium-201 stress-testing. One hundred sixty-two patients (42%) had 
these arrhythmias. Discriminant function analysis revealed that the occur- 
rence of exercise-induced ischemia (presence of redistribution on thalli- 
um-201 imaging and duration of ST depression on the exercise electrocar- 
diogram ) best separated patients with and without these arrhythmias. In a 
4- to 8-year follow-up, patients with these arrhythmias were more likely to 
have adverse cardiac events than those without. The occurrence of these 
arrhythmias had prognostic significance that was independent of clinical, 
exercise, electrocardiographic and cardiac catheterization findings. Our 
data indicate that exercise-induced ventricular arrhythmias are associated 
with exercise-induced ischemia and provide prognostic information that 
adds marginally to that provided by other noninvasive and invasive param- 
eters in patients being evaluated for chest pain. 


179 

Effect of Type A Behavior on Exercise Test Outcome in 
Coronary Artery Disease 

William C. Siegel, Mark A. Hlatky, Daniel B. Mark, John C. Barefoot, 
Frank E. Harrell, Jr., David B. Pryor, and Redford B. Williams, Jr. 


The outcome of the diagnostic exercise test depends on clinical features of 
the patient as well as aspects of exercise test performance. We investigated 
whether type A behavior would also affect exercise test outcome by influ- 
encing such exercise test performance factors as exercise time and the 
maximum heart rate achieved. Within a 6-week period, the 1,260 study 
patients underwent coronary angiography, a structured interview to assess 
type A behavior and a treadmill exercise test. Among these patients, 818 
(65%) had significant CAD, and 852 (68%) were type A. There were no 
significant differences between Type A and B subjects in maximum exer- 
cise heart rate, exercise time, percentage treadmill tests that were positive, 
exercise test sensitivity or specificity. Thus, the presence of type A behav- 
ior does not need to be taken into account when interpreting exercise test 
outcome. 
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183 

Sudden Cardiac Death Associated with Exercise: 
The Risk-Benefit Issue 

Vincent E. Friedewald, Jr. and Dale W. Spence 


There is an increased risk of sudden cardiac death associated with physical 
exertion. Although the risk is small, it warrants consideration by physi- 
cians and their patients who pursue exercise. Patients should be aware that 
there is some degree of risk, and they should be advised about appropriate 
exercise procedures to minimize the risk. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


189 

Cost of Catheter Versus Surgical Ablation in the Wolff- 
Parkinson-White Syndrome 

Michael de Buitleir, Edward L. Bove, Stephen Schmaltz, Alan H. Kadish, 
and Fred Morady 


This study compared the cost of catheter ablation with that of surgical 
ablation of accessory pathways in the Wolff-Parkinson-White syndrome. 
The accessory pathway was posteroseptal in the catheter ablation group 
and at a variety of locations in the surgical group. The mean cost /patient, 
expressed in 1988 dollar values, was $14,116 + 4,493 in the catheter 
ablation group and $34,175 + 5,434 in the surgical ablation group (p 
<0.0001 ). The mean time lost from work or school was 10 + 5 days in the 
catheter ablation group and 60 + 16 days in the surgical group (p <0.01). 
For the treatment of the Wolff-Parkinson-White syndrome, catheter ab- 
lation is significantly less expensive than surgical ablation and facilitates 
rapid return to work. 


ea A te Pe et a S 
Benefits of Physiologic Atrioventricular Synchronization for 
Pacing with an Exercise Rate Response 

Joel S. Landzberg, Jay O. Franklin, Suresh K. Mahawar, Ronald B. 
Himelman, Elias H. Botvinick, Nelson B. Schiller, Michael J. Springer, 

and Jerry C. Griffin 


Previous studies have not shown any impact of loss of atrioventricular 
(AV) synchronization on exercise capacity as long as an exercise rate 
response is present. To test the impact of suboptimal atrial activation 
during treadmill exercise, 12 patients with normal sinoatrial node function 
and dual-chamber pacemakers were evaluated in pacemaker modes with 
normal AV intervals allowing maximal atrial contribution to ventricular 
filling and with the shortest programmable nonphysiologic AV delay. 
During a double-blinded randomized crossover protocol, exercise perfor- 
mance was improved with physiologic AV filling in comparison with 
nonphysiologic AV filling, with significant improvements in exercise dura- 
tion, time to anaerobic threshold and perceived exertion. During exercise 
with rate-responsive pacing an appropriate AV relation is beneficial. 


Continued on page 34 
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CARDIOMYOPATHY 


| PEST TRESS Mia A CT PR NN Ss eee TL A 
Usefulness of Physiologic Dual-Chamber Pacing in Drug- 
Resistant Idiopathic Dilated Cardiomyopathy 

Margarete Hochleitner, Helmut Hortnagl, Choi-Keung Ng, 

Heide Hortnagl, Franz Gschnitzer, and Wolfgang Zechmann 


The beneficial effects of physiologic dual-chamber (DDD) pacing in the 
treatment of drug-resistant end-stage dilated cardiomyopathy were evalu- 
ated in 16 patients. During DDD pacing at an atrioventricular delay of 
100 ms, left ventricular ejection fraction increased from 16.0 + 8.4 to 25.6 
+ 8.6% (p <0.001 ). The classification according to the New York Heart 
Association decreased from 3.6 + 0.4 to 2.1 + 0.5 (p <0.001). The 
decrease in cardiac thoracic ratio from 0.60 + 0.06 to 0.56 + 0.05 (p 
<0.001) coincided with a decrease in left atrial and right ventricular 
echocardiographic dimensions. Systolic blood pressure increased from 108 
+ 29 to 126 + 21 mm Hg (p <0.01 ) and diastolic blood pressure from 67 
+ 15 to 80 + 11 mm Hg (p <0.01). A normalization of heart rate was 
achieved. All patients could be discharged from hospital within maximally 
3 weeks after pacemaker implantation. DDD pacing is suggested as an 
alternative approach in the management of patients with chronic heart 
failure due to dilated cardiomyopathy. 


1 DE WA ORE P APD, Meee VE ST OE Ms joy Maas eae Soe A SOIL ETE A AT 
Infection of the Heart by the Human Immunodeficiency Virus 
Wayne W. Grody, Lorna Cheng, and William Lewis 


Heart muscle disease in the acquired immune deficiency syndrome 
(AIDS), characterized by electrocardiographic changes or congestive car- 
diomyopathy, is a growing clinical problem as the epidemic evolves, but its 
pathogenesis is obscure. While the heart in AIDS is known to be involved 
by a variety of opportunistic infections as well as Kaposi’s sarcoma, no 
causative relation with the development of cardiomyopathy has been doc- 
umented. We report evidence for direct infection of the heart in AIDS, not 
by an opportunistic pathogen but by the AIDS virus itself, human immu- 
nodeficiency virus (HIV). Using the technique of in situ deoxyribonucleic 
acid hybridization, HIV nucleic acid sequences were detected in cardiac 
tissue sections from 6 of 22 patients examined who died of AIDS. The 
hybridization targets appeared to be myocardial cells, although their 
number and location did not correlate obviously with any histopathologic 
or clinical evidence of heart muscle disease in these patients. It is conceiv- 
able that the presence of HIV nucleic acid sequences may represent a 
preclinical marker of impending AIDS-associated heart muscle disease. 


Continued on page A38 
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207 

Transeosophageal Echocardiographic Guidance of 
Transcatheter Closure of Atrial Septal Defects 
William E. Hellenbrand, John T. Fahey, Francis X. McGowan, 
Gregory G. Weltin, and Charles S. Kleinman 


Transcatheter closure of atrial septal defect (ASD) was accomplished in 
10 of 11 patients aged 13 months to 46 years (weight range 11 to 77 kg). 
Transesophageal echocardiography (TEE) was used simultaneously with 
fluoroscopic imaging in 4 of these patients aged 4.5 to 46 years (weight 
range 19 to 77 kg). TEE was used to ascertain defect size, position and 
number of defects and to ascertain appropriate seating of the defect 
occluder within the atrial defect. In 2 patients TEE-assisted transcatheter 
ASD closure was accomplished after previous attempts at transcatheter 
ASD closure, unaided by TEE, had been unsuccessful. The concomitant 
use of TEE with fluoroscopic imaging provides information that is unique 
and complementary and may improve the efficacy and safety of the 
transcatheter technique for ASD closure. 


METHODS 


214 

Incremental Diagnostic Yield of Loop Electrocardiographic 
Recorders in Unexplained Syncope 

Mark Linzer, Edward L.C. Pritchett, Michele Pontinen, 

Elizabeth McCarthy, and George W. Divine 


Recording an electrocardiogram during typical symptoms is critical for 
diagnosing or excluding an arrhythmic etiology for syncope. The cardiac 
loop electrocardiographic recorder is a new monitoring device that can be 
worn continuously for weeks or months and is activated by the symptomat- 
ic patient to record the previous 60 to 240 seconds and subsequent 30 
seconds of cardiac rhythm. In 57 consecutive patients with syncope unex- 
plained by 24 hours of Holter monitoring, loop recording was definitively 
able to determine in 14 patients whether an arrhythmia was the cause of 
symptoms (diagnostic yield 25%, 95% confidence interval 14 to 38%). 
This diagnostic yield is comparable to that of invasive electrophysiologic 
testing, and over twice that of Holter recording. Loop electrocardiograph- 
ic recording is an important, new, noninvasive diagnostic test in patients 
with unexplained syncope. 


EDITORIALS 


220 

Evaluating Effects of Treatment in Subgroups of Patients 
Within a Clinical Trial: The Case of Non-Q-Wave Myocardial 
Infarction and Beta Blockers 

Salim Yusuf, Janet Wittes, and Jeffrey Probstfield 
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223 
Pacemaker Therapy in Congestive Heart Failure 
Abdulmassih S. Iskandrian 
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225 

“Ischemic” ST-Segment Changes During the 
Pericatheterization Period in Men with Angiographically 
Confirmed Coronary Artery Disease 

E. Joseph Bauerlein, Eduardo J. de Marchena, Paula M. Wozniak, 
Celia Michaels, Mark Ackerman, Robert J. Myerburg, and 
Kenneth M. Kessler 
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Clinical Significance of Pericardial Rub in Inferior Wall Q-Wave 
Acute Myocardial Infarction 
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Tadashi Hasegawa, Masahide Matsutani, Tsutomu Sumimoto, and 

Mitsuo Inada 
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229 

Effects of Encainide and Amiodarone on the Adaptation of 
Ventricular Refractoriness to an Increase in Rate 

Shimon Rosenheck, Stephen Schmaltz, Alan H. Kadish, and Fred Morady 


230 

Utility of Transesophageal Echocardiography in Interatrial 
Septal Puncture During Percutaneous Mitral Balloon 
Commissurotomy 

Raj S. Ballal, Edward F. Mahan Ill, Navin C. Nanda, and Larry S. Dean 
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Absent Pulmonary Valve Syndrome with Ventricular Septal 
Defect: Role of the Arterial Duct 

Jose A. Ettedgui, Gurleen K. Sharland, Sunder K. Chita, Andrew Cook, 
Nuala Fagg, and Lindsey D. Allan 
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Increased Prevalence of Atrial Septal Aneurysm in Mitral 
Valve Prolapse 

Peter S. Rahko and Qi Bin Xu 
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Menstrual Patterns in Females After the Fontan Repair 


Mary M. Canobbio, Douglas D. Mair, Andrea J. Rapkin, Joseph K. Perloff, 
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Possible Survival Benefit from Concomitant 
Beta-but Not Calcium-Antagonist Therapy 
During Reperfusion for Acute 
Myocardial Infarction 


Stephen G. Ellis, MD, David W. Muller, MD, and Eric J. Topol, MD 


To test the hypothesis that long-term 6- or calcium- 
antagonist therapy begun before the time of myo- 
cardial infarction and coronary reperfusion might 
improve patient in-hospital survival compared with 
reperfusion alone, 424 consecutive patients suc- 
cessfully reperfused with coronary angioplasty 
within 12 hours of infarct symptom onset were 
carefully and retrospectively characterized. Forty- 
seven patients (11%) were taking 8 antagonists 
and 74 patients (17%) were taking calcium antago- 
nists at the time of infarction. Patients receiving 6 
antagonists had a more frequent history of hyper- 
tension (p <0.001) and prior infarction (p <0.01) 
than those not so treated and patients receiving 
calcium antagonists had a more frequent history of 
prior infarction, prior angina, hypertension and dia- 
betes (all p <0.001) than their nontreated counter- 
parts. Stepwise logistic regression analysis found 
significant independent correlations between in- 
hospital death and the following variables: recur- 
rent ischemia (p <0.001); proximal left anterior 
descending coronary infarct (p <0.001); 3-vessel 
disease (p = 0.002); patient age (p = 0.004); and 
initial total occlusion of the infarct artery (p = 
0.022). After adjustment for these factors, 6 an- 
tagonist use (mortality = 0 vs 8% without treat- 
ment) was still significantly correlated with im- 
proved survival (p = 0.048), whereas calcium-an- 
tagonist therapy made no difference in survival. 
Heart rate and left ventricular end-diastolic pres- 
sure upon presentation were significantly lower in 
patients treated with 8 antagonists. Thus, 6-antag- 
onist therapy, but probably not calcium-antagonist 
therapy, taken before reperfusion for acute myo- 
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cardial infarction, may improve early survival com- 

pared to reperfusion alone. Larger studies will be 

required to confirm or refute these observations. 
(Am J Cardiol 1990;66:125-—128) 


and early reperfusion, concomitant administration 

of 6 and calcium antagonists have been shown to 
decrease infarct size and improve left ventricular func- 
tion beyond that achieved with reperfusion alone.!> 
However, it has been suggested that the administration 
of 8 antagonists after reperfusion may have deleterious 
effects and precipitate congestive heart failure.° Ran- 
domized trials of 8- or calcium-antagonist therapy in 
conjunction with reperfusion for acute myocardial in- 
farction are limited. In the Thrombolysis in Myocardial 
Infarction (TIMI) phase II trial, 6 antagonists adminis- 
tered to selected patients within 2 hours of chest pain 
onset were shown to decrease the combined incidence of 
death or recurrent myocardial infarction significantly.’ 
This effect was not seen in patients treated >2 hours 
after symptom onset. A single study was unable to show 
a beneficial effect from nifedipine compared to placebo 
given during thrombolysis on left ventricular functional 
recovery or clinical outcome.’ We retrospectively ana- 
lyzed all patients with myocardial infarction and suc- 
cessful reperfusion by coronary angioplasty within 12 
hours of symptom onset at the University of Michigan 
Medical Center to test the hypothesis that chronic 8- or 
calcium-antagonist therapy begun before the time of 
myocardial infarction might improve survival with early 
reperfusion therapy. 


|: experimental models of acute myocardial ischemia 


METHODS 

Study patients: All patients undergoing coronary 
angioplasty for acute myocardial infarction at the Uni- 
versity of Michigan since December 22, 1983, have 
been extensively characterized and followed in the Uni- 
versity of Michigan Angioplasty in Acute Myocardial 
Infarction data bank.? The study group comprised 424 
consecutive patients who, through August 1989, have 
had successful coronary angioplasty (final TIMI flow 
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TABLE I Characteristics and Outcome of the Study Population by Treatment Group 


B 


Characteristic Antagonists 


No. of patients 
Clinical 
Age (yrs) 
Male (%) 
Systolic hypertension 
Diabetes mellitus (%) 
Prior angina pectoris (%) 
Prior myocardial infarction (%) 
Prior long acting nitrates (%) 
Prior beta antagonists (%) 
Prior calcium antagonists 
Time to PTCA (hr) 
Anterior infarction (%) 
Cardiogenic shock (%) 
Angiographic /hemodynamic 
Infarct vessel 
Left anterior descending (%) 
Right coronary artery (%) 
Left circumflex (%) 
Bypass graft (%) 
Total infarct artery occlusion (%) 
Multivessel disease 
Left ventricular ejection fraction (%) 
Heart rate (beats /min) 
Systolic arterial pressure (mm Hg) 
Diastolic arterial pressure (mm Hg) 
Left ventricular end-diastolic pressure 
(mm Hg) 
Outcome 
Recurrent ischemia (%) 
Change in left ventricular ejection 
fraction, O to 7 days (%) 
In-hospital death (%) 


* p 0.001; t p <0.01; + p $0.05. 
PTCA = percutaneous transluminal coronary angioplasty. 


grade 22) within 12 hours of symptom onset. Angio- 
plasty was performed using standard techniques’ and 
was based on the indications of persistent total occlu- 
sion, Clinical evidence of ischemia or hemodynamic 
compromise, and in 16 patients randomly assigned to 
immediate angioplasty after successful thrombolysis in 
the Thrombolysis and Angioplasty in Myocardial In- 
farction (TAMI) I Study.!° Patients were not necessari- 
ly excluded because of advanced age or poor left ven- 
tricular function and, in fact, the concurrent presence of 
clinically evident left ventricular dysfunction and persis- 
tent chest pain often prompted referral for cardiac cath- 
eterization. Angioplasty was performed after the patient 
provided informed consent and under guidelines ap- 
proved by the Committee to Review Clinical Research 
and Investigation at the University of Michigan Medi- 
cal Center. 

Statistical analysis: All data were entered into the 
University of Michigan Angioplasty in Acute Myocar- 
dial Infarction databank, a relational databank using 
SYSTAT software. Data are presented as mean values 
+1 standard deviation, except where noted. Unpaired 
Student’s ¢ tests or chi-square analyses, using the Yates’ 
correction and Fisher’s exact test when applicable, were 
used to compare continuous and categorical single vari- 
ables with outcome. The independent correlates of in- 
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No Calcium 
Antagonists 


Nop Calcium 
Antagonists Antagonists 


hospital survival and the determinants of systolic blood 
pressure and left ventricular end-diastolic pressure were 
determined using multiple stepwise linear regression 
analyses. The independent effects of 8- and calcium- 
antagonist therapy were then determined by adjusting 
for the significant covariates by forcing them into the 
logistic regression equation and then entering the vari- 
ables “8-antagonist therapy” or “calcium-antagonist 
therapy” to assess their effect upon outcome. 


RESULTS 

Patient characteristics and outcome: The clinical 
and angiographic characteristics, in-hospital survival 
and left ventricular functional recovery data for patients 
who were or were not receiving 6- or calcium-antagonist 
therapy at the time of infarction are listed in Table I. In 
general, patients receiving 8 or calcium antagonists 
would be considered at higher risk for complications 
compared with their nontreated counterparts, as reflect- 
ed by their higher incidence of prior myocardial infarc- 
tion, diabetes and hypertension. 

Independent correlates of in-hospital death: The in- 
dependent correlates of death are listed in Table II. The 
following were the independent predictors: recurrent 
ischemia, proximal left anterior descending coronary ar- 
tery infarct, 3-vessel coronary artery disease, age, and 


= 





total coronary occlusion of the infarct artery. After con- 
sideration of these predictors, 6-antagonist therapy was 
still significantly correlated (p = 0.048) with improved 
survival, whereas calcium-antagonist therapy was not 
(difference not significant). 

Effect of beta-antagonist therapy on hemodynam- 
ics in high-risk patient subgroups: For the entire group, 
the independent predictors of systolic blood pressure 
were found to be patient age (p <0.001), diabetes (p = 
0.001) and prior myocardial infarction (p = 0.05). The 
only independent predictor of left ventricular end-dia- 
stolic pressure was proximal left anterior descending 
coronary artery infarct (p = 0.03). After adjusting for 
these factors in each of 4 prospectively defined high-risk 
groups (multivessel coronary disease [n = 226], prior 
myocardial infarction [n = 70], proximal left anterior 
descending coronary infarct [n = 87] and proximal 
right coronary artery infarct [n = 93]), 6-antagonist 


therapy usage had no adverse effect in any subgroup on 
either blood pressure or end-diastolic pressure and, in 
fact, was associated with significantly lower end-diastol- 
ic pressure in patients with multivessel disease (coeffi- 
cient = —4.8 mm Hg, p = 0.04) and in patients with 
prior myocardial infarction (coefficient = —6.4 mm Hg, 
p = 0.005). 


DISCUSSION 

Reperfusion with intravenous thrombolytic therapy 
has now been clearly established to decrease mortality 
in selected patients with acute myocardial - infarc- 
tion.!!!2 More controversial and less well studied is the 
possible benefit or deleterious effect of concomitant £8- 
or calcium-antagonist therapy. 

Possible mechanisms resulting in a beneficial effect 
in the setting of acute myocardial infarction: Experi- 
mental studies have shown 8 blockade to decrease heart 
rate and dp/dt, thus decreasing the determinants of 
oxygen consumption,!!> whereas regional myocardial 
blood flow has generally been found to be unchanged or 
slightly lower.!:!4 It has been suggested that the “win- 
dow” during which reperfusion therapy is effective may 
be extended by slowing the rate of progression of the 
“wavefront” of necrosis! with 8 blockade begun before 
the onset of ischemia.! A decrease in experimental in- 
farct size, more prominent when ĝ antagonists were giv- 
en with reperfusion, has been reported by multiple au- 
thors.'-> Data suggest there is a mild beneficial effect 
on infarct size in humans when reperfusion therapy is 
not given,!® but studies with reperfusion therapy are 
lacking. A diminution of systolic bulging of the infarct 
zone has also been noted,! possibly decreasing the likeli- 
hood of infarct expansion and its adverse sequelae.!’:!8 
There is strong suggestive evidence that early 6 block- 
ade without reperfusion decreases the incidence of car- 
diac rupture in humans.!? Rupture may have accounted 
for the increased mortality within the first 6 hours for 
patients treated with streptokinase in GISSI-1,?° and 
thus, early 6 blockade may be of particular importance 
in patients undergoing reperfusion therapy. The inci- 
dence of malignant ventricular arrhythmias may also be 
diminished.*!:22 


TABLE Il Correlates of In-Hospital Death 


Standard 


Variables Coefficient Error T p Value 


0.11 
0.09 


Recurrent ischemia 
Proximal left ante- 
rior descending 
infarct 
Triple-vessel CAD 
Patient age (yrs) 
Initial total occlusion 
of infarct artery 
B-antagonist therapy —0.07 
Constant —0.18 


CAD = coronary artery disease. 


In experimental preparations, calcium antagonists 
have been found to have mixed effects on the primary 
determinants of oxygen consumption, usually increasing 
heart rate and decreasing systolic arterial pressure.' Re- 
gional myocardial blood flow has usually been found to 
be augmented.?3.24 Infarct size has been shown to be 
decreased in some series.! Systolic bulging and the early 
myocardial dysfunction possibly due to calcium over- 
load has been decreased.!:2°.26 

Possible adverse consequences of therapy: The pri- 
mary concern with regard to both classes of agents in 
patients with acute myocardial infarction is that, due to 
their negative inotropic and chronotropic effects, con- 
gestive heart failure and/or bradyarrhythmias might be 
exacerbated.'4.2”28 A theoretical possibility that 8 
blockade may decrease regional myocardial blood flow 
to the infarct zone because of unopposed alpha effect 
may also be of concern,®!*:2? although several animal 
studies have not shown such an effect.!0 

Results: The results of this investigation support the 
findings of the TIMI Study Group of an overall favor- 
able response to 6 antagonists, yet go beyond those re- 
sults by suggesting that prior usage of 6 antagonists 
may improve survival in patients treated with reperfu- 
sion for acute myocardial infarction. However, in spite 
of the statistical significance of the beneficial effect of 6 
antagonists shown in this investigation (p <0.05), con- 
clusions regarding effects on mortality from relatively 
small numbers of patients should be interpreted with 
great caution. 

The mechanism of the beneficial effect of 8-antago- 
nist therapy cannot be determined from this study, al- 
though it is interesting to note a decrease in left ventric- 
ular filling pressures in patients with multivessel disease 
suggesting a decrease in ischemia at a distance. The im- 
portance of multivessel disease and contralateral isch- 
emia as a primary determinant of in-hospital outcome 
with myocardial infarction in patients treated with 
thrombolytic therapy has recently been emphasized by 
Grines*! and Muller?? and their co-workers from the 
TAMI Group. 

Thus, these data suggest that prior 8 blockade, but 
quite possibly not calcium antagonists, may be benefi- 
cial for patients treated with reperfusion for myocardial 
infarction and that this hypothesis should be investi- 
gated in studies with larger numbers of patients. If these 


0.10 
0.003 
0.054 
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data can be confirmed, the implications for the treat- 
ment of patients at risk for myocardial infarction would 
be profound. 
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Effects of Propranolol in Non-Q-Wave 
Acute Myocardial Infarction 
in the Beta Blocker Heart Attack Trial 
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Although the beneficial effects of long-term therapy 


with 6-adrenergic blocking agents in patients re- 
covering from acute myocardial infarction (AMI) 
are established, the effect of this therapy on the 
cardiac event rate in patients recovering from a 
non-Q-wave AMI is unknown. This post hoc analy- 
sis of the Beta Blocker Heart Attack Trial (BHAT) 
evaluates the effects of daily administration of pro- 
pranolol 180 or 240 mg/day after non-Q-wave 
AMI. The study population consisted of 601 pa- 
tients with enzymatically proven non-Q-wave AMI, 
which represented 17% of the BHAT patients. Of 
these, 310 patients were randomized to receive 
propranolol and 291 patients to placebo. There 
were no significant baseline differences between 
groups. The median follow-up was 24.6 months. 
Mortality was 7.8% (sudden death 4.8%) in the 
propranolol group and 7.9% (sudden death 4.8%) 
in the placebo group (p >0.99, log rank test). Re- 
infarction rate was 7.4% in the propranolol group 
and 6.5% in the placebo group (p >0.63, log rank 
test). The need for coronary bypass surgery was 
similar in the 2 groups. However, more patients 
randomized to placebo developed angina. In this 
post hoc group analysis of the BHAT, propranolol 
was not shown to be beneficial in reducing the 
cardiac event rate in patients recovering from 
a non-Q-wave AMI. 
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apy with -adrenergic agents in survivors of 

acute myocardial infarction (AMI) are estab- 
lished,'* the effect of this therapy on cardiac morbidity 
and mortality in survivors of a non-Q-wave AMI are 
not well defined. Given the fact that up to 30% of all 
patients? admitted to coronary intensive care units with 
isoenzyme-confirmed AMI have a non-Q-wave event— 
reflecting a pathophysiologic mechanism and progno- 
sis distinct from Q-wave AMI?5—it is important to 
examine the effects of prophylactic therapy sepa- 
rately in those patients recovering from a non-Q-wave 
AMI. This study analyzes the effects of propranolol 
in patients recovering from a non-Q-wave AMI who 
were enrolled in the Beta Blocker Heart Attack Trial 
(BHAT). 


A Ithough the beneficial effects of long-term ther- 


METHODS 

The BHAT? was a multicenter, randomized, double- 
blind, placebo-controlled trial designed to test whether 
the administration of propranolol 180 or 240 mg/day 
would result in a significant reduction in mortality dur- 
ing a 2- to 4-year period in patients recovering from 
AMI, irrespective of type or location. A total of 3,837 
patients were randomized 5 to 21 days after the index 
AMI to receive propranolol or placebo; 1,916 were ran- 
domized to propranolol and the remaining 1,921 re- 
ceived placebo. A qualifying BHAT AMI using Minne- 
sota criteria’ consisted of evolution of pathologic Q 
waves, Q waves and symptoms and cardiac enzyme pro- 
file consistent with AMI, or ST-segment and T-wave 
changes accompanied by symptoms and a cardiac en- 
zyme profile consistent with AMI. Patients with a left 
bundle branch block or Wolff-Parkinson-White syn- 
drome were excluded. Of 3,837 patients enrolled, 340 
did not meet the criteria for the BHAT AMI. In addi- 
tion, Q-wave information was missing at the time of ad- 
mission or at the time of randomization in 122 patients. 
Thus, a total of 3,375 patients were classifiable in terms 
of evolution or absence of Q waves during the preran- 
domization period. Definition of a non-Q-wave AMI 
was the BHAT criteria for AMI, and no significant Q 
wave (230 ms in duration in =2 contiguous leads) or 
Q-wave equivalents? before or at the time of random- 
ization. Of the 3,375 patients who were classifiable in 
terms of Q- and non-Q-wave AMI, a total of 2,774 had 
a Q-wave AMI. The remaining 601 patients were diag- 
nosed as having a non-Q-wave AMI and constitute the 
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TABLE I Baseline Characteristics of the 601 Patients with 
Non-Q-Wave Acute Myocardial Infarction in the Beta Blocker 
Heart Attack Trial 


Placebo 
(n= 291) 


Propranolol 


(n = 310) p Value 


Men (%) 
Current smoker (%) 
Mean age (yrs) 
Creatine phosphokinase ratio” 
Medical history (%) 
Angina pectoris 
Prior myocardial infarction 
Hypertension 
Heart failure 
Diabetes mellitus 
Time to randomization (days) 9.7 +43.1 9643.3 


* Ratio of the highest acute value to the upper limit of the normal value. 


study population. Of these, 310 patients were random- 
ized to receive propranolol and the remaining 291 were 
randomized to placebo. At baseline the propranolol and 
placebo groups were comparable in terms of sex, smok- 
ing history, mean age, infarct size determined by cre- 
atine phosphokinase ratio and medical history (angina, 
prior AMI, hypertension, heart failure and diabetes) 
(Table I). The time to randomization after the index 
AMI was 9.7 + 3.1 days for the propranolol group and 
9.6 + 3.3 days for the placebo group (p >0.76). 

Medical therapy at randomization was similar in the 
2 groups (Table II). In addition, the electrocardiogram 
and Holter abnormalities were comparable in both 
groups in terms of ST elevation, T-wave changes and 
number and complexity of ventricular premature com- 
plexes. However, patients given placebo had more ST- 
segment depression at the time of randomization than 
patients given propranolol. The chest x-ray at the time 
of admission showed cardiomegaly in 36% of the pro- 
pranolol group compared to 28% of the placebo group 
(Table II). Baseline comparison between Q-wave and 
non-Q-wave AMI groups are listed in Table III. 

Statistical analysis: The analysis of this study was 
considered to be hypothesis generating. These results 
should not be interpreted as conclusive (hypothesis test- 
ing); they are descriptive in nature. Baseline variables 
were compared for the 2 treatment groups of non-Q- 
wave AMI patients using Student’s ¢ tests for continu- 
ous variables and chi-square tests for categorical vari- 
ables. Log rank tests that adjust for varying lengths of 
follow-up were used to compare the 2 treatment groups 
for each outcome except angina. A chi-square test was 
used to compare the 2 treatment groups for angina be- 
cause the exact starting date of angina was not clearly 
defined. Cox proportional hazards regression analysis 
was used to compare the 2 treatment groups after ad- 
justing for variables that had p values <0.25 at baseline 
comparison. Confidence intervals were calculated using 
the results of Cox regression. 

Since this is a descriptive hypothesis-generating 
study, results of the univariate analyses will be present- 
ed even if the Cox regression analysis was nonsignifi- 
cant. 
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TABLE Il Baseline Characteristics of the 601 Patients with 
Non-Q-Wave Acute Myocardial Infarction in the Beta Blocker 
Heart Attack Trial 


Placebo 
(n=291) pValue 


Propranolol 
(n= 310) 


Medications at randomization (%) 
Antiarrhythmic 
Anticoagulant 
Antiplatelet 
Diuretic 
Digitalis 
Aspirin 
Electrocardiographic abnormalities 
at randomization (%) 
ST depression 
ST elevation 
T-wave changes 
Holter abnormalities at 
randomization (%) 
>10 ventricular premature 
complexes 
Complex ventricular 37 
premature complexes 
Cardiomegaly on chest x-ray* 36 


* Missing information for 41 patients in the propranolol and 33 patients in the 
placebo group. 


RESULTS 

Cumulative mortality was comparable at 36 months 
of follow-up for the propranolol and placebo non-Q- 
wave AMI groups (7.8 and 7.9%, respectively) (Figure 
1). Incidence of sudden death was identical in the 2 
groups (4.8%). This was in sharp contrast to the effects 
of propranolol in patients with Q-wave AMI where a 
27% (7.2 vs 9.9%) reduction in mortality was observed 
compared to placebo (Figure 1). In agreement with pri- 
or studies, despite an initial prognostic advantage ob- 
served in the non-Q-wave AMI group,** which was 
manifested in our study by less prior AMI, more fre- 
quent history of heart failure and smaller infarct size 
(Table III), the long-term mortality was not significant- 
ly different (Cox multivariate analysis and adjusting for 
treatment effects) when compared with the Q-wave 
AMI group (7.8 vs 8.5%, respectively). This was also 
true when baseline differences between Q- and non-Q- 
wave AMI groups were taken into account (p >0.35). 


TABLE Ill Baseline Comparison of Q-Wave Versus Non-Q- 
Wave Acute Myocardial Infarction in the 3,375 Patients in the 
Beta Blocker Heart Attack Trial 


Q-Wave 
(n = 2774) 


Non-Q-Wave 


(n = 601) p Value 


Men (%) 
Current smoker (%) 
Mean age (yrs) 
Creatine phosphokinase ratio 
Medical history (%) 
Angina pectoris 
Prior myocardial infarction 
Hypertension 
Heart failure 
Diabetes mellitus 
Time to randomization (days) 


10.1435 9.7442 





Among the Q-wave AMI group, patients who devel- Although there was a trend for a higher reinfarction 
oped new Q waves (263 patients) or lost their Q waves rate at the first 18 months in the group randomized to 
(425 patients) between the time of admission and ran- propranolol (Figure 2), at 36 months no significant dif- 
domization had similar mortality when propranolol was ferences in the reinfarction rate were noted between the 
compared to placebo. This suggests that only patients 2 groups. The need for coronary artery bypass surgery 
with persistent Q waves benefited from propranolol. was comparable in the 2 groups (Figure 3). Heart fail- 
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p<0.008, log-rank test 
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FIGURE 1. Life table cumulative Placebo 1322 1039 
in patients with Q-wave (A) and non-Q- 
wave (B) myocardial infarction (MI) in the 
Beta Blocker Heart Attack Trial. Numbers 
indicate total number of patients followed 


up through each time point. 
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FIGURE 2. Life table cumulative reinfarc- 
tion rate in the non-Q-wave acute myocar- 
dial infarction patients in the propranolol 
and placebo groups in the Beta Blocker 
Heart Attack Trial. Numbers indicate total 
number of patients followed up through 
each time point. 
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TABLE IV Cumulative Morbidity and Mortality at 36 Months in Non-Q-Wave Acute Myocardial Infarction Patients in the Beta 


Blocker Heart Attack Trial 


Propranolol Placebo 
(n = 310) (n = 291) 
% % 


Mortality 
Sudden death 
Reinfarction 
Bypass surgery 
Heart failure 
Angina pectoris 


p Value 
(log rank) 


Cox Proportional Hazards Regression* 


95% Confidence 
Interval 


Risk 
Estimate 


0.55-1.78 
0.46-2.06 
0.49-1.69 
0.57-1.50 
0.37—1.10 


* Adjusting for age, history of hypertension, history of heart failure, history of diabetes, presence of ST depression and presence of cardiomegaly. 


t p value from chi-square test. 


ure was noted more frequently in the group randomized 
to receive propranolol. However, it should be noted that 
more patients in the propranolol group had cardiomega- 
ly on the prerandomization chest x-ray. As expected, 
the incidence of angina was less in the propranolol- 
treated group. The overall event rate at 36 months of 
follow-up is listed in Table IV. The results of the Cox 
proportional hazards regression analysis (Table IV) 
confirm the previous analysis with the exception that 
the difference in heart failure among the 2 groups was 
no longer significant. 


DISCUSSION 

In this post hoc analysis of the BHAT, we could not 
detect a beneficial effect of long-term administration of 
propranolol in patients recovering from a non-Q-wave 
AMI. The only exception was a trend of lower incidence 
of angina in the propranolol-treated group. In contrast 
to our results, the Norwegian Timolol Trial subgroup 
analysis! has shown that timolol was beneficial not 
only in patients with “transmural” AMI, but also re- 
sulted in a 46% reduction in mortality in patients with 
a “nontransmural” AMI. However, the rate of first 
nonfatal reinfarction was not significantly lower in 


—— Propranolol 
—--— Placebo 


p>0.95, log-rank test 
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Propranolol 282 214 139 
Placebo 264 193 141 
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the “nontransmural” AMI group that received timolol, 
when compared to placebo. From that study it was not 
evident how many patients who were diagnosed as 
“nontransmural” evolved Q waves by the time of ran- 
domization, which occurred 7 to 28 days after the AMI. 
This is particularly relevant since initially in the BHAT, 
263 patients who were classified as having a “nontrans- 
mural” infarction developed significant Q waves by the 
time of randomization. It should be recognized that the 
diagnosis of non-Q-wave AMI can be made only if Q 
waves or Q-wave equivalent do not develop over 24 to 
72 hours after onset of infarction.* The significance of 
this diagnosis is less clear in patients with preexisting Q 
waves. Accordingly, in this study, in contrast with previ- 
ous BHAT subgroup analyses,'! we made the diagnosis 
of non-Q-wave AMI only in patients who did not dem- 
onstrate Q waves on serial electrocardiograms until the 
time of randomization. 

One possible explanation of these results is related to 
the effects of 6 blockers on reinfarction and the natural 
history of non-Q-wave compared to Q-wave AMI. Al- 
though 6 blockers are highly effective in reducing post- 
AMI mortality and, in particular, sudden death that 
may be related to left ventricular dysfunction,'? this 


FIGURE 3. Life table cumulative coronary 
bypass surgery rate in non-Q-wave acute 
myocardial infarction patients receiving 
propranolol and placebo in the Beta 
Blocker Heart Attack Trial. Numbers 
indicate total number of patients 

followed up through each time point. 





class of agents may have a lesser effect in preventing 
reinfarction.! In fact, only 1 of 10 randomized trials 
showed a significant reduction in reinfarction.!3 How- 
ever, when data from several trials were combined,” a 
significant reduction in nonfatal reinfarction was found 
in the actively treated group. Non-Q-wave AMI pa- 
tients initially have a lower mortality presumed to be 
related to a smaller infarct size, but a higher reinfarc- 
tion rate** when compared to Q-wave AMI. This lack 
of beneficial effect of propranolol on mortality in non- 
Q-wave AMI may be related to propranolol’s lesser 
ability to prevent reinfarction, which may contribute to 
a long-term mortality rate that is equal to that of the Q- 
wave AMI group. In contrast, platelet-active drugs may 
theoretically be more beneficial in preventing reinfarc- 
tion in patients recovering from non-Q-wave AMI since 
these patients are considered to have an incomplete 
ischemic event.*+ In fact, at 2 years of follow-up the 
Persantine/Aspirin Reinfarction Study showed a 53% 
reduction in coronary incidence (coronary death and 
nonfatal reinfarction) among patients with non-Q-wave 
AMI who received active treatment. By comparison, 
there was only a 7% reduction in coronary incidence in 
the Q-wave AMI group.!4 

During the past 20 years many clinical trials? have 
tested the hypothesis that prophylactic drug therapy can 
reduce mortality and morbidity after AMI. Most of 
these placebo-controlled studies used large, undifferenti- 
ated AMI populations and did not distinguish between 
Q-wave and non-Q-wave AMI. In multicenter random- 
ized clinical trials, metoprolol, propranolol and timolol 
have all been shown to reduce mortality in patients re- 
covering from AMI.!* However, those studies did not 
address the issue of the effects of 8 blocker prospective- 
ly in patients recovering from a non-Q-wave AMI. The 
Diltiazem Reinfarction Study!> is the only study that 
has addressed prospectively the short-term role of medi- 
cal therapy in patients recovering from non-Q-wave 
AMI. In this study, patients randomized to diltiazem 
had a lower ischemic event rate (reinfarction and post- 
infarction angina) but not mortality when compared to 
placebo during the 2-week follow-up period. Subgroup 
analysis! in the Multicenter Diltiazem Postinfarction 
Trial suggests that beneficial effects of diltiazem ob- 
served during the first 2 weeks after the index non-Q- 
wave AMI in the Diltiazem Reinfarction Study are sus- 


tained at 1 year of follow-up, particularly in patients 
with preserved left ventricular function. 

Our data suggest that propranolol may not be bene- 
ficial in patients recovering from non-Q-wave AMI (up- 
per 95% confidence limits were close to 1). However, it 
should be recognized that this is a post hoc analysis with 
a power of 80% to detect only large effects, i.e., a reduc- 
tion of 263% in mortality. Thus, definitive conclusions 
regarding therapy with 6-adrenergic agents in survivors 
of non-Q-wave AMI cannot be made, since our analysis 
was hypothesis-generating only. 
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Effects of Posture on Metabolic and 
Hemodynamic Predischarge Exercise Response 
After Acute Myocardial Infarction 


Leslee J. Shaw, MA, Liwa T. Younis, MD, Karen S. Stocke, BS, Ashok K. Sharma, MD, 
and Bernard R. Chaitman, MD 





Predischarge exercise testing after acute myo- 
cardial infarction (AMI) is an important noninvasive 
modality for risk stratification. To study the impact 
of position on cardiopulmonary exercise response, 
30 patients performed symptom-limited upright 
treadmill and supine bicycle ergometry exercise an 
average of 8 days after an AMI. The exercise se- 
quence was randomly assigned with a minimum 4- 
hour interval between tests. Exercise time and peak 
oxygen consumption were significantly greater in 
the upright position (7.0 + 2.0 vs 5.6 + 2.0 min- 
utes; p <0.001 and 14.9 vs 12.0 mi/min/kg; p 
<0.001, respectively). Compared to the supine po- 
sition, exercise in the upright position was associ- 
ated wtih a significant increased incidence of isch- 
emic exercise-induced ST-segment depression (33 
vs 20%; p <0.03), and chest pain (20 vs 10%; p 
<0.04). Thus, position is an important determinant 
of myocardial ischemic response and exercise toler- 
ance in patients who perform symptom-limited ex- 
ercise tests early after AMI. 

(Am J Cardiol 1990;66:134-139) 
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a commonly used noninvasive modality to risk- 

stratify patients after an acute myocardial in- 
farction (AMI).!-4 The optimal position to exercise pa- 
tients in the early postinfarct phase has not been well 
studied. In the early postinfarction phase, patients are 
often deconditioned as a result of hospitalization and 
the speed of recovery can be dependent, in part, on 
myocardial infarct extent, patient age and quality of re- 
habilitation. In several series that have examined the 
effect of position on exercise physiologic responses, am- 
bulatory outpatients have been studied and the results 
may not be applicable to predischarge exercise test- 
ing.°-!’ Exercise radionuclide angiography may be per- 
formed before hospital discharge to assess ventricular 
function and the supine position is often used.!8 If exer- 
cise position significantly alters the frequency and mag- 
nitude of ischemic or physiologic responses, clinical 
management strategies may need to take the effect of 
exercise position into consideration. This report studies 
the effect of exercise position on cardiopulmonary re- 
sponses and frequency of myocardial ischemia in 30 pa- 
tients who performed predischarge symptom-limited up- 
right treadmill and supine bicycle ergometry after an 
AMI. 


T: predischarge symptom-limited exercise test is 


METHODS 

The study population consisted of 30 patients who 
were referred for exercise testing before hospital dis- 
charge. The patients were invited to participate in 2 car- 
diopulmonary exercise tests in the upright and supine 
positions with the tests being performed a minimum of 
4 hours apart on the same day. The exercise sequence 
was randomly allocated and all patients signed an in- 
formed consent form. Criteria for exclusion consisted of 
chest pain or overt heart failure symptoms within 48 
hours of study or abnormal resting lung flow/volume 
measurements. The diagnosis of myocardial infarction 
was made by the presence of a typical clinical history, 
serial electrocardiographic changes and enzymatic 
changes. Twelve patients received thrombolytic therapy. 
The average age of the patient population was 55 
(range 33 to 74) years. There were 27 men and 3 wom- 
en. Of the 30 patients, 29 had a Q-wave myocardial 
infarct and 1 patient had a non-Q-wave myocardial in- 
farct (Table I). Cardiac medications were withheld the 
evening before testing and were not administered until 
the second test had been completed. None of the pa- 
tients was receiving digitalis preparations. The test was 
performed an average of 8 days after infarction. 











Exercise protocol: Symptom-limited upright exer- 
cise was performed on a treadmill using the Bruce pro- 
tocol modified with a 3-minute warmup at 1.7 miles/hr 
and a 5% grade.!? Supine bicycle exercise was per- 
formed using an electronically calibrated ergometer 
with an initial workload of 200 kpm and increased by 
200 kpm at 3-minute stages. Each patient was acclimat- 
ed to exercise with a 60-second warmup of rail-assisted 
walking on the treadmill or unloaded pedaling on the 
bicycle ergometer. The test was discontinued if the pa- 
tient developed progressive chest pain, excessive dys- 
pnea, dizziness, ataxia, complex ventricular arrhyth- 
mias, exertional hypotension or severe asymptomatic 
ischemic ST-segment depression (23 mm at 80 ms af- 
ter the J point). 

Heart rate, blood pressure measured with a sphyg- 
momanometer and 12-lead electrocardiograms were ob- 
tained in the preexercise phase, at 3-minute intervals 
during exercise and for 5 minutes into the recovery 
phase. Patients who had persistent ischemic electrocar- 
diographic abnormalities were monitored until the post- 
exercise electrocardiogram returned to baseline. 

Respiratory gas exchange: Expiratory gas analyses 
were performed using a Medical Graphics System 
2001. Resting pulmonary function tests were performed 
before the initial exercise test to exclude patients who 
had preexisting chronic obstructive pulmonary disease. 
The patients were acclimated to breathing through the 
mouthpiece until a stable baseline of oxygen, carbon di- 
oxide and ventilatory values were visualized for 230 
seconds before the onset of exercise. Metabolic gas mea- 
surements were continually monitored during exercise 
and for 1 minute into the recovery phase. A Hans-Ru- 
dolph mouthpiece was used with noseclips. Oxygen sat- 
uration during exercise was measured using a pulse ox- 
imeter (Radiometer Corporation). 

The metabolic gas variables measured during each 
study include respiratory rate, tidal volume, minute ven- 
tilation and maximum oxygen uptake, defined as the 
highest oxygen consumption value observed. The respi- 
ratory quotient was calculated by dividing carbon diox- 
ide production by oxygen uptake. Oxygen pulse was de- 
termined by dividing oxygen consumption by heart rate. 
An estimate of oxygen and carbon dioxide arterial ten- 
sion was determined using the partial pressure of end- 
tidal oxygen and carbon dioxide. Breathing reserve was 
obtained by subtracting maximal ventilation value from 
maximum voluntary ventilation, divided by maximal 
voluntary ventilation. 

Electrocardiographic analysis: Each 12-lead elec- 
trocardiogram, obtained at preexercise, peak exercise 
and recovery were reviewed for any ST-segment shift. 
The changes were analyzed using a Summagraphics 
Microgrid II digitizer, 16-button bitpad cursor with an 
illuminated 3-power magnification lens and crosshair, 
and an IBM PS2 Model 70. Customized software was 
used to analyze the rest and peak ST-segment changes 
derived during peak exercise or seen in the recovery 
phase. Three consecutive complexes in each lead (ex- 
cluding aVR) were digitized at rest, peak exercise and 
in the recovery phase. The exercise electrocardiographic 


TABLE I Baseline Characteristics of 30 Postinfarct Patients 
Who Underwent 2 Exercise Tests 


Mean age (range) yrs 55 (33-74) 
Male gender 27 
Previous AMI 
Site of AMI 
Anterior 
Inferior 
Non-Q-Wave AMI 
Coronary angiography before 
hospital discharge (n = 27) 
and after PTCA 
No coronary artery 270% 
narrowed in diameter 
Arteries with =70% luminal 
narrowing in diameter 


Coronary angioplasty before 
hospital discharge 
Average ejection fraction (n = 20) (%) 
Patients on 6 blocker therapy (%) 
Patients on calcium-channel antagonist (%) 


AMI = acute myocardial infarction; PTCA = percutaneous transluminal coronary 
angioplasty. 


response was considered abnormal when either of the 
following 2 criteria were observed in any lead as com- 
pared to baseline: J point 21 mm, ST 80 21 mm, ST- 
segment slope <1 mv/s; and J point >1.5 mm, ST-seg- 
ment slope >1 mv/s, ST 80 21.5 mm.”°-?2 The exercise 
electrocardiogram was measured at 40, 80, and 100% of 
peak oxygen consumption. 

Coronary angiography: Of the 30 patients, 27 un- 
derwent coronary angiography and 15 underwent coro- 
nary angioplasty procedures before hospital discharge 
and before their protocol exercise tests. A significant 
obstructive coronary lesion was defined as a luminal 
narrowing 270% in 1 of the major coronary arteries or 
its side branch. 

Statistical analysis: Rest and peak exercise variables 
were compared between the 2 exercise modalities by 
paired Student ¢ tests. Categoric variables were ana- 
lyzed using chi-square analyses. 


RESULTS 

Resting measurements: No significant postural dif- 
ferences were noted in heart rate, systolic or diastolic 
blood pressure, rate pressure product, oxygen uptake, 
minute ventilation or oxygen pulse obtained during the 
preexercise phase (Tables II and III). 

Peak exercise measurements: Peak exercise oxygen 
consumption was significantly greater in the upright po- 
sition than during supine bicycle exercise (14.9 + 4 vs 
12.0 + 4 ml/kg/min; p <0.001, Figure 1). Peak exer- 
cise time, heart rate and rate pressure product were sig- 
nificantly greater in the upright position; systemic blood 
pressure was similar in both positions (Table II). The 
incidence of chest pain or ischemic exercise-induced ST- 
segment depression was significantly greater in the up- 
right versus supine position (Figure 2, Table II). At 
peak exertion, the maximum degree of ST-segment de- 
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TABLE Il Exercise Measurements 


Variables 


Heart rate (beats /min) 

Systolic blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 
Rate pressure product (X10793) 
Exercise time (min) 

Chest pain (%) 

Ischemic ST depression (%) 
Chest pain or ST depression (%) 
Silent myocardial ischemia (%) 


Upright Position 


Rest 


77+15 
109+ 21 
71:49 

8.441.5 


Exercise 


Supine Position 


Rest 


128 + 20 
150 + 26 
81413 


19.245 


7.0+2.0 
6 (20) 
10 (33) 
13 (43) 
7 (23) 


p Value for Peak 
Exercise Upright 


Exercise Versus Supine 


115417 

150+ 29 

83413 
LAZ+D 

5.6+ 2.0 
3 (10) 

6 (20) 

8 (27) 

5 (17) 


NS = not significant. 


TABLE Ill Gas Exchange Parameters 


Variables 


VO2 (ml/kg/min) 

VCO» (ml/min) 

Ve (liters /min) 

RQ 

Oxygen pulse (VO2/HR) 

VT (liters /min) 

Breathing reserve (%) 
Respiratory rate (breaths /min) 


Upright Position 


Rest 
2.941.0 


216.5+ 78.6 


13.144.2 
0.90 + 0.08 
3.24 1.3 
0.70 + 0.22 
13.3 + 0.06 
18.8 + 5.9 


Exercise 


14944 


1,411 +340 


92 £ 12 

1.1 +40.2 
10.3 2.9 

1:7 £0.37 
49.7 +17 
31:3: 7.6 


Supine Position 


Rest 


3.04 1.0 
233.84 97.9 
13.1643.2 

0.91 + 0.09 
3.64+1.8 
0.714+0.25 
13.5 + 0.06 
18.6 + 5.6 


p Value for Peak 
Exercise Upright 


Exercise Versus Supine 


12.0 +4 
1,117+362 
43414 
1.1+0.2 
8.9 + 2.8 
1.5 +0.41 
56.0413 
30.5 +47.4 


VCO; = carbon dioxide production; HR = heart rate; RQ = respiratory quotient; Ve = ventilatory exchange; VO2 = oxygen consumption; VT = tidal volume. 


pression in any lead was 1.2 + 0.6 versus 0.9 + 0.6 mm, 
respectively (p <0.05, Figure 3). 

Submaximal electrocardiographic measurements: 
The depth of ST-segment depression at submaximal 
workloads was significantly greater in the upright versus 
supine position (Figure 3). At 80% of maximum oxygen 
consumption, 4 patients had abnormal ST-segment de- 


UPRIGHT EX 
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SUPINE EX 


pression in the supine position as compared to 8 patients 
in the upright position. 

When the 6 patients who had ischemic ST-segment 
changes in both the supine and upright positions were 
examined, ST-segment depression was more marked in 
the upright position. The average depth of ST-segment 
depression at peak exercise in the upright position was 


FIGURE 1. Peak oxygen consumption is 
significantly greater in upright as com- 
pared to supine position among 30 pa- 
tients who underwent symptom-limited 
predischarge after infarct exercise testing. 
Ex = exercise. 





2.3 + 0.6 vs 1.6 + 0.5 mm in the supine position (p = 
0.01). 

Correlation with coronary angiographic findings: 
Of the 27 patients who had both exercise tests and coro- 
nary angiograms, 12 had significant obstructive coro- 
nary disease and a negative exercise electrocardiogram 
in both the upright and supine positions; 7 patients, 4, 
and 1 had 1-, 2- and 3-vessel coronary disease, respec- 
tively. Five patients did not have significant obstructive 
coronary disease (270%) and had a negative exercise 
electrocardiogram. There were 3 patients who did not 
have significant obstructive coronary disease, yet had an 
abnormal exercise electrocardiogram. Among the 3 pa- 
tients, 2 were abnormal in the upright and supine posi- 
tions and 1 patient, with a 30% residual left circumflex 
lesion after percutaneous transluminal coronary angio- 
plasty, had an abnormal exercise electrocardiogram in 


FIGURE 2. Percent of patients with exer- 
cise-induced chest pain or ischemic ST- 
segment depression was significantly 
greater in upright as compared to supine 
position. 


% PTS WITH PAIN OR ST DEPRESSION 


FIGURE 3. Depth of exercise-induced ST- 
segment depression was significantly 
greater during upright exercise at peak 
oxygen consumption (VO2) and at 40 and 
80% of peak VO>2. 


ST SEGMENT DEPRESSION 


the upright position that was negative in the supine po- 
sition. Seven patients had significant residual obstruc- 
tive coronary disease and had an abnormal exercise 
electrocardiogram. Among the 7 patients, each patient 
was abnormal in the upright position, whereas 3 of the 7 
patients were normal in the supine position; 1 patient 
had an occluded right coronary artery and 2 patients 
had 2-vessel coronary disease. 

Metabolic gas measurements: Measurements of 
oxygen uptake, minute ventilation, oxygen pulse, tidal 
volume and partial pressure of end-tidal carbon dioxide 
were significantly greater during upright treadmill exer- 
cise than during supine bicycle ergometry (p <0.05) 
(Figure 1, Table III). Ventilatory equivalents for oxy- 
gen and carbon dioxide were significantly greater in the 
supine position than during upright treadmill work (p 
<0.05). The partial pressure of end-tidal oxygen exhib- 


UPRIGHT EX 
MM supine Ex 


“P<. 001 


UPRIGHT EX 
-1.2+.6 


„| SUPINE EX 
,¢ | -0.9+.6 


80% 100% 


RELATIVE PERCENTAGE OF VO2 
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ited a nonsignificant trend to greater values in the su- 
pine than upright position (p = 0.07). There were no 
significant differences noted in the peak respiratory 
quotient values obtained during the 2 exercise tests. An- 
aerobic threshold was achieved in 66% of the upright 
treadmill exercise studies versus 57% of the supine bicy- 
cle ergometry tests (p = 0.06). None of the patients had 
a decrease in oxygen saturation during exercise. 


DISCUSSION 

Predischarge exercise testing is a widely used nonin- 
vasive modality to risk-stratify patients after an 
AMI.'4 Our study shows greater oxygen uptake and 
myocardial ischemic responses in the upright position 
compared to the supine position. Exercise in the supine 
or sitting position may alter the ability to perform an 
adequate stress more than in the standing position due 
to premature localized skeletal muscle fatigue. McCar- 
dle et al? reported that most subjects are limited by 
peripheral fatigue before the attainment of a “true” 
maximal oxygen consumption during bicycle exercise.”° 
Maximal oxygen consumption values during upright bi- 
cycle exercise have been found to be lower than those 
obtained during treadmill walking or running.2? A 
smaller muscle mass is used during bicycle exercise than 
during treadmill work with the body weight supported 
by the ergometer seat, decreasing work output. 

In the supine position, pulmonary function is less ef- 
ficient with basilar hypoventilation secondary to an ele- 
vated diaphragm and decreased functional residual ca- 
pacity.?!?? This decrease in ventilatory capacity may 
contribute to inability to achieve a higher peak oxygen 
consumption during supine exertion, particularly at the 
submaximal workloads achieved in the early postinfact 
period. 

Comparison to previous studies: The impact of pos- 
ture on exercise test results in ambulatory outpatients 
has been examined using bicycle ergometry.5-8-10%-17 
Wetherbee et al? studied 98 patients with coronary ar- 
tery disease and 34 patients with normal coronary arter- 
ies who underwent treadmill and supine bicycle exercise 
testing on the same day.? The degree of ST-segment 
depression in patients with coronary disease was signifi- 
cantly greater during supine bicycle exercise at similar 
submaximal exercise workloads and at peak exercise. In 
Wetherbee’s series, the order of exercise was nonran- 
dom with treadmill tests performed in the mornings and 
bicycle tests performed in the afternoons; 17% of the 
patients were on digitalis. The maximum depth of ST- 
segment depression was examined in lead Vs only. 

Levey et al? examined 31 patients who underwent 
upright and supine bicycle ergometry. In this series, 
ischemic ST-segment depression was seen in 42 versus 
16% of patients in the supine versus upright position, 
respectively. The incidence of angina was similar, al- 
though exercise duration was greater in the upright po- 
sition. Similar results were reported by Currie et al!? in 
43 patients without a history of myocardial infarction. 
Thadani et alf examined 20 men with angina and docu- 
mented coronary disease who underwent bicycle ergom- 
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etry in the supine and sitting positions until moderate 
angina occurred. Comparison of the exercise data re- 
vealed higher values for cardiac index and rate pressure 
product and lower values for mean pulmonary capillary 
wedge pressure in the sitting position; stroke index and 
ST-segment depression were similar during the 2 exer- 
cise periods. In Thadani’s series, patients on digitalis 
preparations were excluded and only a bipolar lead V; 
was recorded. Thus, the data on postural ST-segment 
shifts during exercise are inconsistent with some series 
showing more ST-segment depression in the supine po- 
sition and others showing no significant change. 

The exercise electrocardiogram was digitized and 
meticulously measured using customized software in 
our series. Ischemic ST-segment depression occurred in 
4 additional patients in the upright as compared to the 
supine position. Three had significant residual obstruc- 
tive disease and 1 patient could be considered a “false 
positive.” Exertional chest pain during exercise was 2- 
fold greater in the upright than supine position. Al- 
though the number of postinfarct patients with events is 
relatively small and, because of multiple comparisons, a 
p value of 0.01 should be considered significant, our 
data indicate an increased incidence of myocardial isch- 
emia in the upright position, resulting from increased 
work output as measured by direct respiratory gas mea- 
surements and perhaps more rapid premature localized 
skeletal muscle fatigue in the supine position. 
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Several studies have observed an increased occur- 
rence of acute myocardial infarction (AMI) in the 
morning based on subjective self-reports and objec- 
tive confirmation. Evidence has also been collected 
to suggest a circadian variation in the onset of sud- 
den cardiac death and silent myocardial ischemia. 
No published reports have examined the time of on- 
set of AMI in relation to time after awakening. The 
present study examines the times of onset of AMI 
in relation to awakening in 137 patients with con- 
firmed AMI. Information concerning time of awak- 
ening on the day of AMI revealed a marked in- 
crease in the onset of initial AMI symptoms within 
the first hour after awakening. Of the patients 
studied, approximately 23% reported onset of the 
initial symptoms of AMI within 1 hour after awak- 
ening. An increased onset of symptoms of AMI 
soon after awakening was also observed when pa- 
tients in whom the acute cardiac symptoms were 
known to or may have caused awakening were ex- 
cluded from consideration. This was also noted in 
subgroups of AMI patients classified according to 
age, order and location of AMI. These results ex- 
tend previous observations of the circadian morn- 
ing increase of AMI onset and assist in narrowing 
the search for potential triggers of the circadian 
variation of onset of AMI to physiologic changes 
that may occur soon after awakening. 

(Am J Cardiol 1990;66:140-144) 
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ity rates from coronary artery disease in the Unit- 

ed States, coronary artery disease remains 
the preeminent cause of death and disability. While nu- 
merous modifiable and nonmodifiable risk factors have 
been associated with an increased risk of coronary dis- 
ease, relatively little is known of the possible short-term, 
transient risk factors that may trigger the acute onset of 
this disorder. The existence of triggers for the onset of 
acute myocardial infarction (AMI) is suggested by the 
occurrence of a prominent circadian rhythm of this dis- 
order. Early reports suggesting an increased occurrence 
of AMI in the morning hours, as judged subjectively on 
the basis of cardiac symptoms,*’ have been confirmed 
using the time of appearance of creatine kinase in plas- 
ma to determine the time of onset of AMI.!%!! Accu- 
mulating evidence has also suggested the occurrence of 
circadian variation in the onset of sudden cardiac 
death!>!3 and silent myocardial ischemia.'+!® It is re- 
markable that these patterns are detectable in popula- 
tions that have considerable variability in time of awak- 
ening, an activity that may be linked to the increased 
incidence of disease onset seen in the morning hours. 
Indeed, when Rocco et al'* adjusted the time of silent 
myocardial ischemia for awakening, an increased inci- 
dence of ischemia was noted in the first several hours 
after awakening. The present study examines the time 
of AMI onset in relation to awakening in patients with 
confirmed AMI admitted to 4 teaching hospitals. 


D espite recent encouraging declines in the mortal- 


METHODS 

The population under study consisted of patients ad- 
mitted to the coronary care units of 4 teaching hospitals 
in Worcester, Massachusetts (University of Massachu- 
setts Medical Center, St. Vincent’s, Worcester Memori- 
al, Worcester City) with a diagnosis of AMI during the 
period June 1986 to August 1988. These hospitals are 
also participating in a community-wide study of tempo- 
ral trends in the incidence and survival rates of 
AMI.!”!8 The diagnosis of AMI was made if at least 2 
of the following 3 predefined criteria were satisfied: a 
history of chest pain consistent with myocardial isch- 
emia of at least 30 minutes’ duration not relieved by 
rest or use of nitrates; serial enzyme elevations of creati- 
nine kinase, its isoenzyme subfraction or lactic dehydro- 
genase; and serial electrocardiographic tracings during 
the acute hospitalization showing changes in the ST 
segment or Q waves typical of AMI. For enrollment, 
patients were also required to be between 30 and 74 
years of age and able to complete a self-administered 
questionnaire. The instrument used for onset of acute 





symptoms had been previously used and validated in the 
MILIS study.!° Patients were usually administered the 
study instrument on day 3 of their acute hospitalization. 
Patients dying within the first 2 days of hospitalization 
for AMI were therefore excluded from the study as 
were patients perceived to be too ill or who refused to 
provide informed consent. Information was not collected 
as to either the number of patients who were excluded 
from study consideration for these reasons or their so- 
ciodemographic and clinical characteristics. The time of 
onset of AMI was determined on the basis of patient 
self-reports of the time of onset of acute symptoms. Pa- 


FIGURE 1. Distribu- 
tion of times of onset 
of initial symptoms of 
acute myocardial 
infarction. 
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FIGURE 2. Distribu- 
tion of time of awak- 
ening on day of initial 
symptoms of acute 
myocardial infarction. 
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tients without an identifiable time of onset were not in- 
cluded in the study. 


RESULTS 

Unadjusted time of onset of infarction: One hun- 
dred forty-eight patients with confirmed AMI were en- 
rolled in the study. The mean age of these patients was 
55 years, 81% were male and 21% had had a previous 
infarction. The unadjusted times of onset of AMI are 
shown in Figure 1. As seen, there was no definitive 
morning increase observed in the onset of AMI symp- 
toms in the study sample. The frequencies of the times 
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of onset of AMI in the four 6-hour quarters of the day 
were: midnight to 5:59 A.M., 20%; 6:00 a.m. to 11:59 A.M., 
26%; noon to 5:59 P.M., 29% and 6:00 P.M. to 11:59 P.M., 
25%. 

Time of awakening from sleep: Information on the 
time of awakening on the day of the AMI was available 
from 137 of the 148 patients with confirmed AMI (Fig- 
ure 2). The average time of awakening on the day of 
AMI, 6:35 a.M., was coincident with that of the average 
usual wake-time of 6:30 a.m. As expected, a large pro- 
portion (37%) of patients awoke between 6:00 and 7:29 
A.M. on the day of AMI, a distribution similar to that of 
the usual times of awakening. 

Time of onset of infarction adjusted for time of 
awakening: For the entire group of 137 patients, there 
was a marked increase in the onset of initial AMI 
symptoms in the first few hours after awakening, partic- 
ularly within the first hour (Figure 3). Of these pa- 
tients, 23% reported that they experienced their initial 
symptoms of AMI within the first hour after awaken- 
ing. This represents an approximate 5-fold increased 
frequency over that which would be expected (4%) if 
the onset of AMI were randomly distributed over the 24 
hours of the day. Only 6% reported the onset of AMI 
symptoms (cumulative percentage within 2 hours after 
awakening = 29%) during the second hour after awak- 
ening, 15% (cumulative percentage = 44%) reported 
symptoms of AMI between 2 and 4 hours after awaken- 
ing, 19% between 4.1 and 8 hours after awakening and 
the remainder thereafter. There were no subsequent 
hours during which the frequency of onset of AMI 


symptoms approximated the increased frequency ob- 
served during the first hour after awakening. 
Subgroup analysis: The consistency of the observed 
findings was analyzed in 3 patient subgroups. An in- 
creased propensity for the initial symptoms of AMI to 
occur within the first hour after awakening was seen in 


Number of Cases 
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each of the subgroups examined: in younger (<60 
years) (20%) as well as older (260 years) (23%) pa- 
tients, in patients with initial (23%) or recurrent AMI 
(16%), as well as in patients with anterior (23%) or infe- 
rior/posterior (18%) AMI. 

Patients not awakened from sleep by the onset of 
acute cardiac symptoms: Among the 137 patients with 
validated AMI in whom sleep status at the time of onset 
of AMI was known, 24 (18%) reported either that the 
pain had awakened them from sleep, were unsure if the 
pain had awakened them from sleep or failed to provide 
data on either sleep or wake time on the day of onset of 
AMI. These patients were, therefore, excluded from the 
subsequent analysis. 

Similar to the results in the total study sample, there 
was an increased frequency of symptoms suggestive of 
AMI reported by patients during the first hour after 
awakening. However, the magnitude of the increase was 
less than that observed for the entire study group; 12% 
of these patients reported the onset of acute symptoms 
within the first hour after awakening, 18% (cumulative) 
within 2 hours after awakening, 34% within 4 hours af- 
ter awakening and 64% within 8 hours after awakening. 


DISCUSSION 

The results of this study in patients hospitalized with 
confirmed AMI suggest an increased occurrence of the 
onset of initial symptoms of AMI within the first hour 
after awakening. A 5-fold increase in the frequency of 
the onset of symptoms of AMI in the first hour after 
awakening from sleep was observed in all patients stud- 
ied; an approximate 2.5-fold increase remained after pa- 
tients in whom the acute cardiac symptoms were known 
to or may have caused awakening were excluded from 
consideration. These results extend previous observa- 
tions of the circadian increase of AMI onset in the 
morning hours by suggesting that the morning increase, 


FIGURE 3. Time of 
onset of initial symp- 
toms of acute myocar- 
dial infarction after 
awakening. 
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unadjusted for time of awakening and sleep, results 
from a morning increase in the frequency of awakening 
from sleep coupled with an increased frequency of onset 
of AMI in the first hour after awakening. 

There has been considerable recent interest in the 
increased morning onset of AMI, sudden cardiac death, 
stroke and transient myocardial ischemia. The present 
study, to our knowledge, is the first report of the wake- 
times of a sample of patients with AMI and the times of 
onset of AMI in relation to wake-time and sleep status 
at onset. 

The availability of wake-time data demonstrates the 
power and importance of adjustment for wake-time to 
detect a period of markedly increased frequency of on- 
set of AMI symptoms. The validity of the wake-time- 
adjusted findings is also supported by the consistency of 
results of subgroup analyses. Results similar to the over- 
all findings were observed according to patient age, or- 
der and location of the AMI and according to whether 
or not patients were known to be awake at the time of 
symptom onset. The separate analysis for patients not 
awake at the onset of AMI symptoms was essential be- 
cause patients awakened from sleep by pain had the on- 
set of AMI before the physiologic changes of awaken- 
ing, while those whose pain began after they had awak- 
ened may have had their infarct triggered by such 
changes. 

The limitations of the present investigation include 
its small sample size, lack of enzymatic determination 
of the onset of AMI, failure to collect information from 
patients dying soon after hospital admission or too ill to 
provide either informed consent or be interviewed and 
variable accuracy of patient recall. Given that not all 
patients with AMI at the 4 teaching hospitals surveyed 
were included in the study sample due to reasons previ- 
ously given, appropriate caution must be exercised in 
the interpretation and generalizability of the study find- 
ings. While the accuracy of patient recall may be sub- 
ject to misclassification bias, and patients may have a 
greater tendency to recognize symptoms when awake 
than when asleep, the consistency of the observed find- 
ings argues against such potential biases. 

The present findings help to narrow the search for 
the possible cause or causes of the circadian variation of 
onset of AMI to a number of physiologic changes oc- 
curring within the first hour after awakening and begin- 
ning the activities of the day. During this period the 
activity of the sympathetic nervous system increases 
markedly; plasma catecholamine levels more than dou- 
ble. Arterial pressure increases, which may predispose 
to rupture of a vulnerable atherosclerotic plaque, as 
does platelet aggregability, which may convert a harm- 
less coronary mural thrombus to an occlusive thrombus. 
Coronary tone is increased during this time, and plasma 
cortisol, which potentiates the response of vessels to cat- 
echolamines, remains high.!?-7! 

The finding that a group of patients shows a marked 
increase in frequency of AMI within the first hour after 
awakening can be viewed as a special case of the recent- 
ly proposed mechanism of triggering of onset of AMI.” 
It has been proposed that the onset of AMI occurs when 


mental or physical stress induces rupture of a vulnerable 
atherosclerotic plaque. The time interval between 
plaque rupture and onset of severe ischemic pain is like- 
ly to be highly variable and contingent on a number of 
patient-related and pathophysiologic factors. Activities 
leading to coronary artery constriction or a coagulabil- 
ity increase may also trigger formation of an occlusive 
thrombus. In the present study, adjustment for time of 
awakening revealed a marked association with this par- 
ticular triggering activity. Onset of AMI may be related 
to an endogenous rhythm since the time of awakening 
could be synchronized for the varying endogenous 
rhythms of the patients studied. Subsequent studies are 
needed in larger and more diverse patient populations to 
determine if there are increases in the incidence of AMI 
after other potential triggering activities such as ex- 
treme physical exertion, mental stress, cigarette smok- 
ing, coffee drinking, sexual activity and eating. The ef- 
fect of prior medication on the linkage between a poten- 
tial trigger and AMI should also be determined since it 
has been shown that B-adrenergic blocking agents re- 
duce the morning increase in coronary events.! The on- 
set of potentially differing circadian patterns of AMI 
onset should also continue to be explored in varying sub- 
groups!! to examine the consistency, or lack thereof, of 
circadian variation as a means to further focus efforts 
on the prevention and therapeutic management of AMI. 

Should the present findings be replicated in addi- 
tional samples of patients with AMI, a practical issue 
would be pharmacologic protection during the morning 
hours for patients already taking antiischemic medica- 
tion. Longer acting agents, perhaps taken at night, 
might provide better protection during the period of in- 
creased risk after awakening. The results of this study 
lend further impetus to ongoing research efforts to iden- 
tify the triggering mechanisms of the onset of AMI and 
other clinical manifestations of atherosclerosis. With 
improved understanding of such mechanisms, it may be 
possible to sever the link between an essential but poten- 
tially harmful trigger and its catastrophic consequences. 
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Myocardial Protection by Intravenous Diltiazem 
During Angioplasty of Single-Vessel 
Coronary Artery Disease 


Johannes J.R.M. Bonnier, MD, Tom Huizer, MSc, Roel Troquay, MD, Gerrit Anne van Es, PhD, 
and Jan Willem de Jong, PhD 


The possible cardioprotective effect of diltiazem 
during ischemia caused by percutaneous trans- 
luminal coronary angioplasty was tested. Electro- 
cardiograms and myocardial lactate, hypoxanthine 
and urate production were determined in 26 pa- 
tients with a stenosis in the left anterior descending 
artery without angiographically demonstrable col- 
laterals. Measurements took place before angio- 
plasty, after each of 4 occlusions and 15 minutes 
after the last balloon inflation. Patients were ran- 
domly given placebo or DL-diltiazem (0.4 mg/kg as 
a bolus intravenously, followed by an infusion of 15 
mg/hr). During angioplasty the ST-segment eleva- 
tion for the anterior wall leads V2, V4 and Ve, and 
the intracoronary lead was similar for both groups, 
as was lactate release. Diltiazem significantly re- 
duced cardiac hypoxanthine release immediately 
after angioplasty from 63 to 88% (p <0.05). The 
drug diminished urate production after the last dila- 
tation by 82% (p <0.05). In conclusion, intrave- 
nous infusion of diltiazem reduced cardiac adeno- 
sine triphosphate breakdown during angioplasty as 
shown by diminished hypoxanthine and urate pro- 
duction. In contrast, diltiazem was unable to atten- 
uate ST-segment elevation and lactate release. 

(Am J Cardiol 1990;66:145-150) 
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to be effective in the treatment of many cardiovascu- 

lar disorders. A few of these drugs, including diltia- 
zem, have been successful in the management of angina 
pectoris. One of the advantages of diltiazem is its abil- 
ity to delay ischemic ventricular arrhythmias.’ In addi- 
tion, calcium antagonists may improve the protection 
afforded by potassium-cardioplegia for heart surgery.’ 
They may also be useful for local cardioplegia during 
coronary angioplasty.** Diltiazem delayed the onset 
of pacing-induced ischemia.”'!°? In isolated hearts and 
open-chest animals, diltiazem!!-!5 and other calcium 
antagonists!4.!¢-!9 exert an energy-sparing effect during 
ischemia. In this study, we tested whether diltiazem 
could minimize adenosine triphosphate-breakdown dur- 
ing angioplasty and thus serve as a potential cardio- 
protective agent during the procedure. 


I: the last decade, calcium antagonists have proven 


METHODS 

Patients: The study involved 26 patients with 1-ves- 
sel coronary artery disease undergoing percutaneous 
transluminal coronary angioplasty. The following char- 
acteristics were observed for each patient. Coronary ar- 
tery disease was limited to an isolated proximal stenosis 
<1 cm in the left anterior descending artery (narrowing 
>70%) and no collateral filling was seen angiographi- 
cally in the region supplied by this artery. There was no 
history of previous myocardial infarction, and nitrates 
were not required during the dilatation procedure (Ta- 
ble I). Antiplatelet drugs (including aspirin) and other 
cardioactive medications except short-acting nitrates 
were discontinued 248 hours before the procedure. 
With the exception of heparin, no drugs were given be- 
fore completion of data acquisition. This research proj- 
ect was approved by the institutional committee on pa- 
tient research. All patients gave informed consent be- 
fore the study, and no complications related to the 
protocol were observed. 

Coronary angioplasty: A normal El Gamal diagnos- 
tic 7Fr catheter (Cordis) was introduced through the 
right femoral vein in the great cardiac vein. Its position 
was confirmed with the injection of a small volume of 
nonionic contrast medium (Isopaque Coronar 370). An 
8Fr guiding catheter was introduced percutaneously 
and advanced to the aortic root through the right fem- 
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TABLE I Clinical Characteristics of the Study Groups 


Placebo Group 
(n= 13) 


Diltiazem Group 
(n= 13) 


Age (yrs), average 
Range 
Sex: M/F 
Patients in CCS 
Grade II 
Grade III 
Grade IV 
Average severity of stenosis (%) 
Before angioplasty 
After angioplasty 
Average ejection fraction (%) 
Mean aortic pressure during 
transluminal occlusion 
(mm Hg) 
Mean heart rate during 
transluminal occlusion 
(beats/min) 


O 


ST-elevation (mm) 
o 


dilatation 


FIGURE 1. Effect of diltiazem on ST-segment elevation during 
angioplasty, measured with the intracoronary lead (top) and 
the precordial leads (bottom). Bars indicate the median 
values, ranges are given above the columns. Open bars = 
placebo; hatched bars = diltiazem. No significant effects 
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oral artery. The left anterior descending artery was 
visualized by injection of contrast medium after the 
first blood samples had been taken. Then, the angio- 
plasty balloon (Advanced Cardiovascular System Inc.) 
was introduced. Coronary angioplasty was performed 
according to Simpson et al,” using a steerable guide- 
wire (Advanced Cardiovascular System, high torque 
floppy, 0.014 inch). Balloon diameters were 3.0 or 3.5 
mm. The maximal inflation pressures ranged from 6 to 
12 atmospheres. For each patient, the dilatations were 
sustained for 90 seconds or until the onset of chest pain. 
In each patient, 4 consecutive dilatations were per- 
formed, with a 5 minute recovery between inflations. 
Control coronary angiography was then performed. 

Sampling: Great cardiac venous and femoral arterial 
blood samples, taken before, immediately after each de- 
flation and 15 minutes after the procedure, were treated 
as previously described.?! 

Lactate and purine analysis: In the deproteinized 
samples, lactate was determined enzymatically.?2 In ad- 
dition, the adenine nucleotide catabolites hypoxanthine 
and urate were assayed by high-performance liquid 
chromatography,’ as modified by Huizer et al.2! Urate 
was detected at 290 nm. 

Electrocardiograms: These were monitored from the 
precordial leads V>, V4 and V¢, and from the intracoro- 
nary lead, using the guidewire placed in the left anterior 
descending artery. Each lead was calibrated before the 
procedure (10 mm = | mV). Maximal ST elevation at 
the end of each inflation was measured 0.80 second af- 
ter the J point, with the T-wave-P-wave interval as the 
isoelectric line. 

Experimental regimen: The patients were randomly 
assigned to treatment with placebo or diltiazem (dou- 
ble-blind). Five minutes before the first dilatation, and 
immediately after data collection at rest, they received 
either DL-diltiazem (0.4 mg/kg intravenously [Lorex]), 
or solvent, as a bolus over 5 minutes, followed by a con- 
tinuous infusion of either 15 mg/hr diltiazem or solvent. 
Plasma diltiazem was determined with the methodology 
described for verapamil.4 

Statistical analysis: Results are given as median and 
range, unless indicated otherwise. Nonparametric statis- 
tical methods were used: for within-group analysis the 
Wilcoxon signed rank test, for between-group analysis 
the Mann-Whitney rank sum test. A p value <0.05 was 
considered statistically significant. 


RESULTS 

Clinical characteristics: The clinical characteristics 
of the study groups assigned to diltiazem or placebo are 
listed in Table I. Age, Canadian Cardiovascular Society 
grade, severity of the stenosis in the left anterior de- 
scending artery and left ventricular ejection fraction in 
the 2 groups were comparable. Inflation time (approxi- 
mately 80 seconds), inflation pressure (approximately 9 
atmospheres) and pain symptoms (in 10 or 11 of 13 
patients) during the 4 consecutive inflations were com- 
parable in the 2 groups. Cross-sectional area of the ste- 
nosis before and after coronary angioplasty was similar 
in both groups (approximately 80 and 35%, respective- 
ly). The baseline values of lactate, hypoxanthine and 





Sampling 
Site 


Arterial 
Arterial 
Venous 


Venous 


Sampling 
Site 


Arterial 
Arterial 
Venous 


p Value 
Venous 


Treatment 


Placebo 


Diltiazem 


Placebo 


Diltiazem 


Treatment 


Placebo 


Diltiazem 


Placebo 


Diltiazem 


Lactate Concentration (mM) 


0.68 
(0.41-1.54) 
0.73 
(0.43-0.99) 
0.53 
(0.37-1.65) 
0.60 
(0.34-0.86) 


Hypoxanthine Concentration (uM) 


0.60 
(0.23-0.96) 

0.70 
(0.25-1.60) 

0.41 
(0.11-0.97) 


0.31 
(0.09-0.85) 


Dilatation 


1 


0.65 
(0.41-1.48) 
0.66 
(0.40-0.91) 
1.54 
(0.90-2.56) 
1.47 
(0.54-2.39) 


Dilatation 


1 


0.41 
(0.07-0.63) 

0.31 
(0.11-0.87) 

0.94 
(0.44-5.20) 

0.017 

0.42 
(0.17—2:52) 


0.64 
(0.44-1.57) 
0.69 
(0.36-0.93) 
1.45 
(0.62-2.34) 
0.94 
(0.45-2.32) 


0.33 
(0.07-0.79) 
0.34 
(0.08-0.84) 
1.30 
(0.16-2.33) 
0.017 
0.33 
(0.10-4.89) 


0.63 
(0.38-1.61) 
0.66 
(0.39-0.84) 
1.48 
(0.81-2.67) 
1.37 
(0.41-2.51) 


0.25 
(0.05-0.55) 

0.29 
(0.09-0.52) 

1.31 
(0.33-2.07) 

0.023 

0.43 
(0.06-5.58) 


0.57 
(0.38-1.54) 
0.67 
(0.39-0.86) 
1.50 
(0.74-2.93) 
1.05 
(0.43-3.24) 


0.20 
(0.05-0.79) 


0.017 
0.37 
(0.05-3.13) 


0.56 
(0.38-1.85) 
0.64 
(0.34-0.91) 
0.59 
(0.29-1.71) 
0.69 
(0.35-0.98) 


0.15 
(0.02-0.48) 
0.16 
(0.08-0.49) 
0.42 
(0.03-0.93) 


0.18 
(0.03-0.65) 


No. = number of observations. Median values are given with ranges in parentheses. Where differences between placebo and diltiazem were statistically significant, p values are 


given. 


Urate Concentration (uM) 


Dilatation 


Sampling 
Site Treatment ; 1 


Placebo 236 224 
(192-449) 
Diltiazem 246 244 
(138-347) 
Placebo 242 221 
(188-495) 
Diltiazem 244 250 
(144-342) 


Arterial 


Arterial 


Venous 


Venous 


(185-457) 
(136-352) 
(181-481) 


(131-356) 


234 220 212 225 
(179-481) (177-455) (174—469) (168—462) 
240 226 243 238 
(131-351) (128-358) (126-348) (115-348) 
217 230 238 221 
(182—478) (178—480) (174-512) (173—469) 
251 251 247 238 
(130-351) (130-352) (128-359) (124-348) 


No. = number of observations. Median values are given with ranges in parentheses. No significant effects of treatment were observed. 


urate were similar for both groups (Tables II through 
IV). 

Electrocardiographic measurements: No ST-seg- 
ment or T-wave abnormalities were observed before an- 
gioplasty. Figure 1 shows the actual degree of ST-seg- 
ment elevation during each occlusion. Electrocardio- 
graphic measurements taken from the intracoronary 
lead and the anterior wall leads V>, V4 and V show 
that ST elevation tended to be smaller in the placebo 
group, but the differences were not significant. Some 
patients did not develop ST-segment elevation during 
transluminal occlusion. Although they did not show any 


collaterals on pretreatment coronary arteriography, it is 
possible that they developed collaterals during balloon — 
occlusion. ST-segment depression during occlusion was 
observed on only 1 occasion. a 
Lactate release: The arterial lactate concentrations 


were not affected by diltiazem (Table II). After angio- ee 


plasty great cardiac venous lactate increased 2- to 3-fold 
(p <0.01) in both the placebo and diltiazem groups. 
Figure 2 shows the arteriovenous difference of lactate at- 
control and after each balloon dilatation. Patients in 
both groups produced lactate immediately after the bal- 
loon deflations. Treatment with diltiazem tended to 
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. * p <0.05; ** p <0.01. 


as in Figure 2. 
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reduce lactate production after angioplasty was per- 
formed (p >0.05). 

Hypoxanthine metabolism: The hypoxanthine con- 
centrations are listed in Table III. Diltiazem did not af- 
fect the arterial values. In the placebo group, the great 
cardiac venous hypoxanthine concentrations increased 
3- to 5-fold (p <0.01) after each dilatation. In contrast, 
only a minor increase was observed in diltiazem-treated 
patients (Table III). In these patients venous hypoxan- 
thine was lower (p <0.02) than that in the placebo 
group. Figure 3 shows the effect of placebo and diltia- 
zem on hypoxanthine production by the heart. Samples 
taken directly after the 4 occlusions showed 63 to 88% 
lower hypoxanthine production in the diltiazem group 
than in the placebo group (p <0.05). 

Urate release: Diltiazem had no significant effect on 
the arterial and venous urate concentrations (Table IV). 
Figure 4 shows the effect of placebo and diltiazem on 
urate production by the heart. At rest and directly after 
the first 3 dilatations, there were no significant differ- 
ences between the groups. Only immediately after the 
fourth dilatation was urate release smaller (p = 0.047) 
in the diltiazem group. 

Diltiazem levels: The plasma concentrations of dilti- 
azem, measured 5 minutes after the last deflation, var- 
ied widely (132 to 4,730 ug/liter, median 902). 


DISCUSSION 

Electrocardiographic data: We did not detect a sta- 
tistically significant effect of diltiazem treatment on 
ST-segment changes during coronary angioplasty. The 
changes tended to be larger in the diltiazem group. In 
contrast, several investigators>’* observed that severity 
and time to onset of ischemic ST- and T-wave changes 
during coronary angioplasty were significantly reduced 
after treatment with this drug. In other studies, the ad- 
ministration of diltiazem has also been shown to reduce 
ST-segment elevations due to pacing-induced ischemia 
in dogs? as well as in man.!° We cannot explain the 
discrepancies between our results and these reports. 

Lactate production: In this study, diltiazem tended 
to reduce the amount of lactate produced by the heart 
subjected to coronary angioplasty. However, this effect 
was not statistically significant. Hanet,4 Werner® and 
their co-workers reported a significant reduction in 
lactate production with other calcium antagonists used 
intracoronarily. Remme et al!° observed that diltiazem 
could attenuate significantly lactate production induced 
by rapid atrial pacing. 

Hypoxanthine and urate release: After ischemia the 
human heart releases hypoxanthine due to adenosine 
triphosphate catabolism. This has been demonstrated 
during pacing stress testing,”*?> coronary angioplasty? 
and heart surgery.”?’ In our study, hypoxanthine pro- 
duction was also obvious after each balloon deflation. 
Diltiazem could diminish this production. Based on ani- 
mal studies,!!-!5 it seems unlikely that the drug influ- 
enced purine uptake/release independent of adenosine 
triphosphate hydrolysis. An interesting aspect of the 
present investigation is the production of urate (Figure 
4).27 This could be partly suppressed by diltiazem. The 


appearance of urate indicates that the human heart con- 
tains xanthine oxidoreductase. This enzyme exists in the 
heart in a number of species,” but its presence in hu- 
man heart is controversial.*?3° We cannot exclude that 
the enzyme could be active in the intact human heart, 
generating free radicals in its oxidase form. 

Diltiazem levels: We are puzzled by the large varia- 
tion in plasma diltiazem concentrations. The same phe- 
nomenon has been noted in other clinical trials (W.J. 
Remme, personal communication). Whether distribu- 
tion or metabolism of the drug varies greatly from pa- 
tient to patient is not known. We did not see a correla- 
tion between diltiazem blood level and suppression of, 
for example, hypoxanthine release. 
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Quantitative Exercise Thallium-201 Rotational 
Tomography for Evaluation of Patients 
with Prior Myocardial Infarction 


Pierre Chouraqui, MD, Jamshid Maddahi, MD, Enrique Ostrzega, MD, Kenneth Van Train, BS, 
Yzhar Charuzi, MD, Florence Prigent, MD, and Daniel S. Berman, MD 


The utility of stress-redistribution thallium-201 
myocardial perfusion single-photon emission com- 
puted tomography (SPECT) in patients with a prior 
single myocardial infarction was studied in 66 pa- 
tients who were tested by both SPECT and coro- 
nary angiography. SPECT was quantified by com- 
paring the patients’ circumferential count profiles 
to a previously established normal data base and 


~ by plotting the results onto a polar coordinate map 


that localized defects to the 3 major coronary ar- 
tery territories. The pattern of reversibility of the 
quantitatively detected defects was assessed by 
consensus visual analysis. SPECT thallium-201 de- 
tected myocardial infarction in 62 of 66 patients 
(sensitivity = 94%). Sixty-five percent of the infarct 
zones showed some reversibility at 4-hour imaging 
which corresponded with angiographic evidence of 
flow to the infarct zones in 95.5% of cases. Late 
(18 to 24 hours) imaging, done in 26 patients, 
showed complete or partial reversibility of 29% of 
infarct zone segments which were nonreversible on 
4-hour images. To improve specificity for detection 
of disease in coronary arteries supplying the non- 
infarct territories, new quantitative criteria were 
developed that took into consideration contiguity of 
defects with the infarct zone. Accuracy for detec- 
tion of patients with multivessel coronary disease 
by quantitative thallium-201 SPECT was 86%, 
which was significantly higher than those of the 
clinical response to exercise (48%), the exercise 
electrocardiographic response (56%) or their com- 
bination (65%). The following can be concluded: 
thallium-201 SPECT is accurate for detection of 
prior myocardial infarction; defect reversibility is 
common in the infarct zones and late imaging is su- 
perior to 4-hour imaging in this regard; thallium- 
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201 is more accurate than clinical and/or electro- 
cardiographic responses to exercise for detection 
of disease in coronary arteries supplying the 
noninfarcted regions. 

(Am J Cardiol 1990;66:151-157) 


is related in part to the amount of the infarcted 

myocardium! and the amount of viable but isch- 
emic myocardium in the infarct zone? as well as isch- 
emia in the remote noninfarcted regions.’ Thallium-201 
myocardial scintigraphy has been widely applied in the 
clinical evaluation of patients with coronary artery dis- 
ease*® and those with myocardial infarction.?-'? Most 
studies with thallium-201 after myocardial infarction 
have used planar imaging that is inherently limited be- 
cause of overlap of abnormally perfused regions by nor- 
mal myocardial areas. This may limit the utility of the 
planar technique for detection, localization and sizing of 
ischemia and necrosis in patients with myocardial in- 
farction.'4-!7 The technique of single-photon emission 
computed tomography (SPECT) offers improvement 
over the planar technique by minimizing overlap of 
myocardial regions and by offering higher contrast reso- 
lution. To avoid the inter- and intraobserver variability 
of visual analysis,!® methods of quantitation for thalli- 
um-201 SPECT have been recently described.'?-°? With 
these methods, SPECT has been shown to be superior 
to the planar imaging method for detection of patients 
with single-vessel disease, detection of disease in the left 
circumflex territory and assessing the extent of hypoper- 
fused myocardium.” Little has been described regard- 
ing the application of quantitative stress redistribution 
thallium-201 SPECT in assessing patients with prior 
myocardial infarction. This study evaluates stress-redis- 
tribution thallium-201 SPECT with respect to the fol- 
lowing: detection of the infarct zone; characterization of 
the infarct zone with respect to the amount of viable but 
ischemic myocardium assessed by perfusion defect re- 
versibility; and detection of stenosis in the coronary 
arteries supplying the noninfarct regions. 


T he prognosis of patients after myocardial infarction 


METHODS 

Patient population: The study population consisted 
of 66 consecutive men with a single prior myocardial 
infarction who underwent both stress-redistribution 
thallium-201 SPECT and coronary arteriography. Pa- 
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tients with previous bypass graft surgery, percutaneous 
coronary angioplasty or multiple infarctions were ex- 
cluded. The mean age was 62 years (range 31 to 87). 
Prior myocardial infarction was diagnosed based on a 
documented history (chest pain and characteristic elec- 
trocardiographic and creatine kinase enzymes changes) 
and/or electrocardiographic evidence (pathologic Q 
waves, 0.04 second in duration in =3 leads) at the time 
of the study. Of the 66 patients, 43 had both historical 
and electrocardiographic evidence of prior myocardial 
infarction, 14 had only documented history of myocar- 
dial infarction without electrocardiographic evidence at 
the time of the study and 9 had evidence of myocardial 
infarction on their electrocardiograms without a docu- 
mented history. In patients with a documented history, 
the interval between myocardial infarction and thalli- 
um-201 SPECT ranged from 5 days to 20 years (mean 
48 months; median 5 months). Fifty-seven percent of 
the patients presented with angina pectoris (typical in 
40% and atypical in 17%) and the remaining 43% were 
either asymptomatic (40%) or had “nonanginal” chest 
discomfort (3%). Before the exercise thallium-201 
study, patients were instructed to be off nitrates for 6 
hours, calcium antagonists for 24 hours and 8 blockers 
for 248 hours (depending on the type used). 
Coronary arteriography: Selective coronary arteri- 
ography was performed in all patients by the Judkins 
technique. Biplane left ventriculograms were obtained 
in 56 of 66 patients. The mean interval between thalli- 
um-201 SPECT and angiography was 24 days (median 


10 days; range 1 month before to 5 months after thalli- 
um-201 SPECT imaging) without an intervening isch- 
emic event. 

Coronary artery stenosis was graded visually by con- 
sensus of 2 experienced observers who did not have 


FIGURE 1. Assignment of coronary artery territories on polar 
map display of myocardial thallium-201 single-photo emission 
computed tomography. LAD = left anterior descending artery; 
LCX = left circumflex artery; RAD = right anterior descending 
artery. 
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knowledge of the SPECT thallium-201 test results. The 
most severe luminal narrowing in any projection was 
determined. Significant disease was defined by >50% 
luminal coronary stenosis in =1 coronary artery and /or 
their major branches. Coronary territories were divided 
into anterior, inferior and posterolateral regions that re- 
spectively represented the left anterior descending, the 
posterior descending (originating either from the right 
coronary artery or the left circumflex) and the left cir- 
cumflex coronary arteries. The infarct zone was identi- 
fied by electrocardiographic criteria and/or the location 
of wall motion abnormality on the contrast ventriculo- 
gram. The artery of infarction was identified as the one 
supplying the infarct zone. 

Exercise and imaging procedures: All 66 patients 
underwent symptom-limited multistage treadmill exer- 
cise test according to the Bruce protocol (n = 65), ex- 
cept for 1 (5 days after myocardial infarction) who ex- 
ercised according to the Naughton protocol. Modified 
12-lead electrocardiograms were recorded at rest and 
during each minute of exercise and recovery. Twenty- 
four of 66 patients (36%) did not achieve 85% of maxi- 
mum predicted heart rate. However, of these 24 pa- 
tients, 22 (including the patient who underwent the 
Naughton protocol exercise) developed evidence of isch- 
emia (chest pain and/or ST-segment depression) during 
exercise. 

The clinical response was considered positive if the 
patient’s angina was reproduced during exercise or if 
hypotension (210 mm Hg decrease in systolic blood 
pressure) developed. Horizontal or downsloping ST de- 
pression of =1 mm or upsloping ST depression of 21.5 
mm at 0.08 second after the J point was considered an 
ischemic electrocardiographic response. There were no 
patients on digitalis or with a baseline electrocardio- 
gram showing left ventricular hypertrophy. Exercise-in- 
duced electrocardiographic changes in 4 patients in 
whom the baseline electrocardiogram showed left bun- 
dle branch block were deemed nondiagnostic. 

A dose of 3 to 3.5 mCi of thallium-201 was injected 
intravenously 1 minute before termination of exercise. 
SPECT myocardial scintigrams were obtained at 12 to 
15 minutes and 3 to 5 hours after injection of thallium- 
201. In 26 more recently studied patients who had non- 
reversible defects by 4-hour imaging, 18 to 24-hour im- 
ages were also acquired. A rotating scintillation camera 
equipped with an all purpose collimator and a 0.25-inch 
thick sodium iodine crystal was used. A 20 and a 10% 
energy window were centered, respectively, on the 68 to 
80 keV and the 167 keV photopeaks of thallium-201. 
Thirty to 32 images were obtained (40 seconds each for 
stress and 4-hour imaging and 60 seconds for 18 to 24- 
hour imaging) over 180° extending from the 45° right 
anterior oblique to the 45° left posterior oblique projec- 
tions. All studies were subjected to quality control for 
camera nonuniformity, center of rotation, patient mo- 
tion and “upward creep.” 2425 

Image analysis: DETECTION OF EXERCISE MYOCARDIAL 
PERFUSION DEFECTS BY QUANTITATIVE ANALYSIS: The pres- 
ence and location of perfusion defects on stress images 
were quantitatively assessed and were displayed on po- 





lar map format using a previously described meth- 
od.2°.2! On the polar map, defects were assigned to the 3 
coronary arteries?! (Figure 1). In each territory, defect 
_ size was determined as the percentage of that territory. 
A defect was considered definite if its size was 212% in 
the left anterior descending, 212% in left circumflex 
and >8% in the right coronary artery territories (stan- 
dard criteria). 

OPTIMIZATION OF CRITERIA FOR IDENTIFICATION OF DIS- 
EASE IN CORONARY ARTERIES SUPPLYING THE NONINFARCT 
TERRITORIES: In patients with prior myocardial infarc- 
tion, the infarct defect may extend (or “tail”) into the 
adjacent coronary territories. Therefore, we developed 
different quantitative criteria for considering this “tail- 
ing” defect as indicative of disease in an additional ves- 
sel. For each of the 3 coronary territories, different 
thresholds for defect size were evaluated. These thresh- 
olds, expressed as percent of the total size of a given 
coronary territory, were 4, 8, 12, 16, 20, 24, 28, 32, 36, 
40, 44 and 48. For each territory, receiver operating 
characteristic curve analysis was performed to identify 
_ the “tailing” defect size threshold that was associated 
with optimal sensitivity and specificity for detection of 
disease in the corresponding coronary artery. 

Assessment of defect reversibility: Since our quan- 
titative method is not yet fully developed for assessment 
of defect reversibility, we used visual analysis for this 
purpose. The polar map was divided into 20 segments 
(Figure 2); 2 for the apical portion (analyzed from the 
vertical long-axis slices) and 18 for the rest of the myo- 
cardium (analyzed from the short-axis tomograms). De- 
fect reversibility was analyzed by consensus of 2 blinded 
observers. A 4-point scoring system for segmental up- 
take of thallium-201 was used in which 0 = normal, 1 
= mildly reduced, 2 = moderately reduced and 3 = 
severely decreased uptake. Patterns of defect reversibili- 
ty within the region of the quantitative defect were sep- 
arately determined for stress/4 hours and stress/late re- 
distribution studies. In both instances, reversibility pat- 
terns were defined based on the segmental score change 
from the initial to the redistribution study as follows: 
nonreversible (3-3, 3-2, 2-2, 2-3), partially reversible 
(2-1) and completely reversible (3-0, 3-1, 2-0).”° Since 
different reversibility patterns may be encountered in 
the quantitative defect zone, the overall pattern was 
considered “mixed” if >1 pattern were present in that 
zone or if the pattern was only partially reversible. The 
defect zone was considered nonreversible or reversible if 


Apical 


FIGURE 2. Division of left ventricular 
myocardium into 20 segments for visual 
analysis. 


these were the only patterns in the quantitative defect 
zone. The pattern of reverse redistribution (1-2, 0-3, 1- 
3, 0-2) was classified as nonreversible. 

Statistical analysis: The sensitivity of thallium-201 
SPECT study for detecting prior myocardial infarction 
was calculated by dividing the number of patients who 
had a nonreversible thallium-201 defect in the infarct 
territory (at 4 hours or late imaging) by the total num- 
ber of patients with myocardial infarction. 

The sensitivities of thallium-201 SPECT, exercise 
electrocardiographic and clinical responses for detecting 
patients with additional disease in the noninfarct territo- 
ry were determined as the proportion of patients with 
significant angiographic stenosis (>50%) in the coro- 
nary arteries supplying the noninfarct territories who 
had a quantitative thallium-201 defect in the noninfarct 
territories, a significant exercise-induced ST-segment 
depression or a positive clinical response to exercise, re- 
spectively. The specificities of the thallium-201 SPECT, 
exercise electrocardiographic and clinical responses for 
identifying patients without disease in the noninfarct 
territories were determined as the proportion of patients 
with insignificantly narrowed or normal coronary arter- 
ies supplying the noninfarct territories who had a nor- 
mal thallium-201 perfusion pattern in the noninfarct 
zones, had normal electrocardiographic or clinical re- 
sponses to exercise. Patients with left bundle branch 
block were excluded from the analysis of exercise elec- 
trocardiogram sensitivity and specificity. 

The sensitivity of thallium-201 SPECT for detecting 
disease in individual coronary arteries supplying the 
noninfarct territories was determined as the proportion 
of noninfarct-related coronary arteries with significant 
stenosis that had a quantitative thallium-201 defect in 
the corresponding territories. The specificity of thalli- 
um-201 SPECT for identifying lack of disease in indi- 
vidual coronary arteries supplying the noninfarct terri- 
tories was determined as the proportion of noninfarct- 
related coronary arteries with no significant disease that 
had a normal thallium-201 perfusion pattern in the cor- 
responding territories. Accuracy was defined by the fol- 
lowing: true positives + true negatives/all patients. 

Comparisons of sensitivities and specificities between 
different test modalities were made by the McNemars’ 
test. Likelihood ratio chi-square analysis was performed 
to assess the statistical association between type of re- 
versibility pattern and myocardial infarct location. The 
paired ¢ test was used to compare differences in the 
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SHORT AXIS 
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TABLE I Distribution of Infarct Territories and Extent of 
Coronary Disease 


No. of Coronary 
Arteries Narrowed 
>50% 


Total 
n=66 


Posterolateral 
n=15 


Inferior 
n=29 


Anterior 
n=22 


Right + left anterior descending artery (LAD) = 2, left circumflex artery (LC) + LAD 
=1;' LAD +right = 11, LC + right = 7;* LAD+LC = 1, right+LC=9. 


mean number of segments reversible at 4 hours and late 
imaging. The significance testing was done at the 0.05 
level. 


RESULTS 

Distribution of territories of infarction and the ex- 
tent of coronary disease: Myocardial infarction in- 
volved the anterior territory in 22 patients, the inferior 
territory in 29 patients and the posterolateral territory 
in 15 patients. The extent of disease in each of these 3 
subgroups is listed in Table I. 

Detection of prior myocardial infarction: The resting 
electrocardiograms in these 66 patients with single prior 
myocardial infarctions of various ages showed evidence 
of infarction in 79% of patients. In contrast, a signifi- 
cantly (p <0.01) higher percentage (94%) of patients 
had 21 nonreversible thallium-201 defects in the infarct 
territory (based on 4-hour or late images). The remain- 
ing 4 patients had only reversible defects in the infarct 
zone. 

Characterization of the infarct territory by thalli- 
um-201 single-photon emission computed tomogra- 
phy: The 4-hour reversibility patterns in the infarct ter- 
ritory were as follows: mixed in 60%; nonreversible in 
35%; and completely reversible in 5% (Figure 3). The 
relative frequencies of these patterns were not signifi- 
cantly different in the 3 subgroups of patients with ante- 
rior, inferior and posterolateral myocardial infarctions. 

The influence of late imaging on characterization of 
the infarct territory was assessed in the 26 patients who 


ALL MI TERRITORIES 


REVERSIBLE 
5% 


ANTERIOR MI * 
N = 22 


MIXED 
50% 


INFERIOR MI * 
N= 29 


J REVERSIBLE 
7% 


wy 
NON REVERSIBLE 
21% 


NON REVERSIBLE 
45% 


154 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


NON REVERSIBLE 
| 35% 


POSTEROLATERAL MI 
N «15 


underwent both 4-hour and late imaging. At 4-hour im- 
aging, 38% showed a nonreversible pattern and 62% 
showed a mixed pattern. At late imaging, 19% showed a 
nonreversible pattern, 77% showed a mixed pattern and 
4% showed a reversible pattern. Therefore, 5 of 11 in- 
farct zones that were considered only nonreversible at 4 
hours showed partial reversibility of 21 segment by late 
imaging. Figure 4 shows the influence of late imaging in 
the infarct territory with the analysis performed on a 
segmental basis. 

Effect of late imaging on the assessment of the ex- 
tent of reversibility in the infarct zone was also assessed. 
Of an average of 4.8 + 1.8 segments-patient in the in- 
farct zone, 1.1 + 1.5 segments were reversible or par- 
tially reversible at 4 hours while 2.1 + 1.6 segments 
were reversible or partially reversible at the late imag- 
ing. This difference was statistically significant (p 
<0.01). 

Angiographic correlates of defect reversibility in 
the infarct territory: Of the 66 patients, 43 showed re- 
versibility in the infarct zone at stress/4-hour redistri- 
bution imaging (3 patients with reversible and 40 with 
mixed patterns). The angiographic features of the in- 
farct-related coronary artery in these 43 patients fell 
into the following 3 categories: in 49% of patients, the 
artery of infarction was occluded, but there was retro- 
grade filling through collaterals; in 46.5% of patients, 
the artery of infarction was not completely occluded, 
but had a severe (280%) stenosis; and in 4.5% of pa- 
tients, the artery of infarction was occluded without an 
apparent collateral filling. In contrast, of the 23 patients 
who showed nonreversible defects in the infarct zone at 
stress /4-hour imaging, 39% were in the first category, 
22% were in the second category and 39% were in the 
third category described above. Thus, a significantly 
higher percentage of patients who had nonreversible de- 
fects in the infarct zone had corresponding totally oc- 
cluded coronary arteries without collaterals (39 vs 4.5%, 
p <0.05). 

SPECT thallium-201 patterns in the infarct territory 
were compared with regional wall motion in that zone 
in the 56 patients who had contrast left ventriculog- 


FIGURE 3. Reversibility patterns in infarct 

territories. *No statistical difference was 
* noted between infarct subgroups with re- 

spect to relative frequencies of reversibili- 
“50%, ty patterns. MI = myocardial infarction. 
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TABLE Il Sensitivities and Specificities for Identification of Disease in Noninfarct Territories Using Different Thresholds for Defect 


Size 


Coronary 
Artery Size 


LAD = left anterior descending artery; LC = left circumflex aftery; Sn = sensitivity; Sp = specificity. 


TABLE ili Comparison of Sensitivities and Specificities for Detection of Individual Coronary Artery Disease in the NonInfarct 


Territory Obtained by the Standard and New Quantitative Criteria 


37%* 
87% 


Standard criteria 
New criteria 


* p <0.0001. 
Abbreviations as in Table Il. 


raphy. Of the 20 patients with a nonreversible pattern in 
the infarct territory, 80% showed corresponding akine- 
sia or dyskinesia. Of the 33 patients with a mixed pat- 
tern in the infarct territory, 60% showed corresponding 
akinesia or dyskinesia (difference not significant). Of 
the 3 patients with reversible pattern in the infarct terri- 
tory, 1 had dyskinesia in the corresponding zone. 
Sensitivity and specificity for identification of dis- 
eased coronary arteries supplying the noninfarct terri- 
tories: Table II lists sensitivities and specificities associ- 
ated with different criteria for identification of disease 
in coronary arteries supplying the noninfarct zones 
when the noninfarct zone defect was contiguous with 
the infarct defect. The selected criteria were 212% for 
the left anterior descending artery, 240% for the left 
circumflex artery and 220% for the right coronary ar- 
tery. Of note, if a perfusion defect in the noninfarct ter- 


Overall 


Sn 


ritory was not contiguous with the defect in the infarct 
territory, the standard criteria were optimum. Table III 
lists the sensitivities and specificities using the standard 
and the new criteria. With the new criteria, a highly 
significant improvement of specificity was noted for 
identification of disease in the left circumflex artery (p 
<0.0001) and there was a trend in improvement for 
right coronary arteries without a significant loss of sen- 
sitivities. 

Sensitivity and specificity for detection of patients 
with additional disease in the noninfarct territories: Of 
the 66 patients, 49 had disease in either 1 or both coro- 
nary arteries supplying the noninfarct territory. The 
SPECT, electrocardiographic and clinical criteria for 
presence of additional disease in the noninfarct territory 
were the presence of a perfusion defect in the territory 
of 21 of the noninfarct-related arteries and ischemic 


# SEGMENTS 


FIGURE 4. Influence of late imaging on 
characterization of 118 segments consti- 
tuting infarct territories of 26 patients 
who underwent both 4-hour (4H) and late 
thallium-201 imaging. 
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TABLE IV Comparative Diagnostic Efficacy of Exercise-Induced Angina, ST Depression, Combined Clinical /Electrocardiographic 
Responses and Single-Photon Emission Computed Tomography Thallium-201 in Identifying Patients with Disease in NonRelated 


Infarct Coronary Arteries 


Clinical Response 


(n = 66) (n = 62) 


45% (22/49) 
59% (10/17) 


Sensitivity 
Specificity 


ECG Response 


58% (28/48) 
50% (7/14) 


SPECT Thallium-201 
Response 
(n = 66) 


Combined Clinical / 
ECG Responses 
(n = 62) 


*92% (45/49) 
**71% (12/17) 


77% (37 /48) 
21% (3/14) 


* p <0.0001 vs clinical, p = 0.0002 vs electrocardiogram and p = 0.05 vs combined clinical/electrocardiographic (ECG) responses; 'p = 0.03 vs combined clinical /ECG 
responses; * the patients population is decreased by 4 because of elimination of patients with left bundle branch block whose exercise ECGs were considered nondiagnostic. 


ECG = electrocardiographic. 


electrocardiographic and ischemic clinical responses to 
exercise, respectively. As listed in Table IV, sensitivity 
of thallium-201 SPECT was significantly higher than 
those of exercise-induced angina and ischemic ST-seg- 
ment depression alone or in combination. Specificity of 
thallium-201 SPECT was also higher than that of the 
combination of exercise-induced angina and ST-seg- 
ment depression. The respective accuracies were 86, 48, 
56 and 65%. 


DISCUSSION 

Detection of myocardial infarction: In our study, 
quantitative stress thallium-201 SPECT was 94% sensi- 
tive for detecting the presence of myocardial infarctions 
in patients with ages ranging from 5 days to 20 years. 
This sensitivity is slightly higher than the 86% reported 
by Massie et al.!? We found that the sensitivity of elec- 
trocardiogram for detection of myocardial infarction 
was significantly lower than that of quantitative thalli- 
um-201 SPECT. This may be due to the presence of 
patients with non-Q-wave myocardial infarction, pa- 
tients in whom the initial Q waves (at time of myocardi- 
al infarction) have disappeared with time or patients 
with left bundle branch block. Similar differences be- 
tween electrocardiogram and thallium-201 imaging sen- 
sitivities for detection of myocardial infarction have 
been reported using either planar!” or 7 pinhole!” imag- 
ing methods. 

Characterization of myocardial infarction: Our re- 
sults showed that thallium-201 defect reversibility in the 
infarct zone was common, being found in 65% at 4-hour 
and 79% at late redistribution studies. The presence of 
reversibility in the infarct zone was associated with the 
presence of flow (antegrade [46.5%] or retrograde 
[49%]) to the zone. 

Our finding of further defect reversibility on late (18 
to 24-hour) imaging is concordant with those previously 
reported.*’78 In these studies, the late redistribution 
pattern was more predictive of the outcome of coronary 
angioplasty??? or bypass surgery?! than the 4-hour re- 
distribution pattern. It is possible, therefore, that the 
late redistribution pattern in the infarct zone observed 
in our study may be useful in guiding therapeutic deci- 
sions. 

In this study, we examined the relation between the 
4-hour defect reversibility and regional wall motion by 
contrast left ventriculography in the infarct territory. 
Eighty percent of patients with nonreversible defects 
had akinesia or dyskinesia in the same territory. How- 
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ever, 60% of our patients with mixed or partially revers- 
ible defects also had akinesia or dyskinesia of the infarct 
zone. Several other studies have noted the same obser- 
vations.”!213 In our study, the disparity between region- 
al function and perfusion may, in part, be explained by 
the lack of exact correspondence between the regions 
assessed by planar ventriculography and thallium-201 
SPECT. It is also likely that abnormal wall motion 
in some of the regions with reversible thallium-201 de- 
fects was due to “hibernating” or stunned myocardial 
areas.?-2? 

Detection of coronary artery disease in the non- 
infarct territory: We used a new set of quantitative 
SPECT thallium-201 criteria for detecting the presence 
of coronary disease in the noninfarct territory. These 
new criteria took into account the contiguity of the in- 
farct defect with the defects in the territories supplied 
by noninfarct-related arteries. Using these new criteria, 
specificity for detection of disease in the right coronary 
and left circumflex arteries improved without a signifi- 
cant loss of sensitivity. With respect to detection of dis- 
ease in the left anterior descending artery, neither sensi- 
tivity nor specificity were significantly improved by 
changing the standard quantitative criteria since the ex- 
tent of “tailing” of inferior or posterolateral infarct de- 
fects into the anterior territory appears insignificant. 
With the optimized criteria, sensitivity and specificity 
for detection of disease in the noninfarct territory were 
comparable among the 3 vessels. Similar results have 
been observed in patients without prior myocardial in- 
farction.*9-22 

After myocardial infarction, patients with multives- 
sel disease are at higher risk for a subsequent cardiac 
event than patients with only single-vessel disease. In 
the absence of accurate noninvasive methods for detect- 
ing multivessel disease in these patients, routine coro- 
nary angiography has been proposed as appropriate 
after myocardial infarction in all patients. Our data 
support the concept that the clinical and electrocardio- 
graphic responses to exercise are inadequate tools for 
accurate assessment of multivessel disease. Thallium- 
201 SPECT, on the other hand, on the basis of our re- 
sults, was found to be accurate in the correct identifica- 
tion of these patients (Table IV). The higher threshold 
of angina and ST depression than of stress-redistribu- 
tion SPECT thallium-201 imaging for detection of exer- 
cise ischemia may be the reason for the lower sensitiv- 
ities of clinical and electrocardiographic markers that 
were noted in this and other studies. !:20-22 





The specificity of thallium-201 SPECT study for ab- 
sence of disease in the noninfarct territory was 71%, 
which was also significantly higher than that of com- 
bined clinical /electrocardiographic responses. This may 
be explained by the lack of localizing ability of electro- 
cardiographic and clinical markers of ischemia? as 
compared to SPECT thallium-201 imaging such that 
ischemia in the distribution of the infarct-related artery 
may not be differentiated from ischemia in the non- 
infarct territories. 

Study limitations: The study population was limited 
to men because the quantitative SPECT method used in 
this study has been optimized (with respect to normal 
limits and criteria for abnormality) in the male popula- 
tion.2! We are currently developing a separate normal 
data base for women and are evaluating the criteria re- 
quired for detection and localization of defects. Applica- 
bility of these conclusions to the female population 
needs further investigation. The new set of criteria 
which were developed to optimize sensitivity and speci- 
ficity for detection of diseased vessels supplying the non- 
infarct territories will require further validation in a 
larger prospective group of patients. The study popula- 
tion was retrospected and consisted of a heterogeneous 
population of patients with respect to the age of myo- 
cardial infarction. The utility of exercise thallium-201 
SPECT in patients with recent myocardial infarction, 
before hospital discharge, requires further study. Anoth- 
er limitation of this study is that only 40% of patients 
underwent late imaging. This subgroup, however, was 
similar to the rest of the population with respect to the 


location of myocardial infarction, numbers of defects in 
the infarct zone and number of segments with 4-hour 
reversibility. 
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Comparison of Thallium Redistribution 
with Rest “‘Reinjection’”’ Imaging 
for the Detection of Viable Myocardium 


Thomas P. Rocco, MD, Vasken Dilsizian, MD, Kenneth A. McKusick, MD, 
Alan J. Fischman, MD, PhD, Charles A. Boucher, MD, and H. William Strauss, MD 


To determine the incidence of incomplete 
redistribution on conventional delayed 
thallium images, 41 patients with persistent 
perfusion defects on myocardial images recorded 3 
to 4 hours after thallium injection during exercise 
were studied. At the conclusion of their delayed im- 
ages the patients were reinjected at rest with ap- 
proximately 1 mCi of thallium-201 and a third set 
of images was recorded. The images were present- 
ed at random in pairs (initial:delayed, initial:reinjec- 
tion) to 2 experienced observers for qualitative 
scoring of 9 segments/patient. Of the 360 seg- 
ments analyzed, concordance between the delayed 
and reinjected images occurred in 307 (85%). Of 
141 segments that demonstrated a persistent per- 
fusion abnormality on 3- to 4-hour delayed images, 
44 (31%) were reassigned to a redistribution score 
after reinjection. In 9 patients, reinjection images 
provided the only evidence of ischemia from the 
scintigraphic data. In 13 of 14 vascular territories 
that demonstrated redistribution after reinjection, 
intact perfusion (either anterograde or via collater- 
als) was detected at coronary angiography. These 
data suggest that rest reinjection imaging may pro- 
vide a means of detecting viable myocardium in 
segments that demonstrate a fixed perfusion ab- 
normality on conventional 3- to 4-hour delayed 
thallium images. 

(Am J Cardiol 1990;66:158-163) 
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ties, thallium scintigraphy has proven useful in 

detecting myocardial ischemia,'? identifying 
patients at high risk of a future cardiac event*~° and 
evaluating the efficacy of therapeutic interventions in 
patients with coronary artery disease.’~!° 

Following the initial description of thallium redistri- 
bution by Pohost et al,’ a convention emerged that 
equated a persistent zone of reduced thallium uptake on 
images recorded 4 hours after exercise as representing 
myocardial scar. A corollary of this dictum implies that 
such a “persistent” defect signifies the absence of isch- 
emic, jeopardized myocardium in the segment being 
evaluated. Over the past several years, data have been 
reported that challenge this view. Specifically, reports 
describing thallium redistribution on 24-hour delayed 
images,'' resolution of “persistent” defects after revas- 
cularization’'* and detection of intact metabolic func- 
tion by positron tomography in zones of abnormal per- 
fusion'>!4 suggest that redistribution may be incomplete 
at 4 hours. These data have evolved in the context of a 
broadened recognition of the dissociation between myo- 
cardial blood flow and myocardial viability,!516 and 
have impacted on the clinical interpretation of thallium 
images. 

Shortly after the description of single injection /re- 
distribution imaging, Ritchie,!’ Verani!® and their co- 
workers compared the single injection redistribution 
technique to images recorded using separate injections 
at stress and rest performed on different days, and ob- 
served that redistribution failed to occur in a significant 
percentage of patients with ischemia. This suggests that 
separate measurements of myocardial perfusion at rest 
and stress may be preferable for the assessment of myo- 
cardial ischemia and the definition of extent of infarc- 
tion. In view of these data, we performed a prospective 
evaluation of a modified 2 injection technique in pa- 
tients with known coronary artery disease to determine 
if the extent of irreversible myocardial scarring is over- 
estimated by redistribution imaging. 


D espite limitations related to its biophysical proper- 


METHODS 

Patient population: Forty-one patients referred for 
an exercise thallium study between November 1987 and 
July 1988 who demonstrated a persistent thallium de- 
fect on conventional, poststress redistribution images 
were selected at random for participation. The mean 
age of this group was 62 years (range 40 to 75); 36 men 





and 5 women were studied. A history of previous myo- 
cardial infarction was present in 59% of the study 
group. Ischemia was detected in 22 of 41 patients (54%) 
by exercise electrocardiography versus 29 of 41 (77%) 
by thallium scintigraphy. Participation was predicated 
solely on the demonstration of a persistent thallium de- 
fect on redistribution images. 

Reinjection protocol: All patients were exercised on 
a motorized treadmill following a standard or modified 
Bruce protocol. One minute before the termination of 
exercise, thallium-201 chloride was administered by in- 
travenous bolus injection. The mean initial thallium 
dose was 90 MBg (range 70 to 133). Within 4 minutes 
of injection, acquisition of planar images commenced 
using a standard field of view scintillation camera 
equipped with a low-energy, all-purpose collimator 
(Technicare 420). Data were recorded on a dedicated 
computer system (Technicare MCS 560). Images were 
acquired for 8 minutes/view in the anterior, 45° left 
anterior oblique and 70° left anterior oblique projec- 
tions (about 400,000 to 500,000 counts/image). Three 
to 4 hours later, redistribution images were obtained in 
the same predetermined projections for 8 minutes/view 
(about 200,000 to 300,000 counts/image). If a persis- 
tent defect was identified on the delayed scan and the 
same imaging device was available to record an addi- 
tional set of images, the patient was asked to participate 
in the study. After giving informed consent, the patient 
was reinjected at rest with an additional dose of 40 
MBg (range 38 to 45) of thallium-201 chloride and a 
third set of images was acquired 10 minutes later. The 


Anterolateral 
ANT 
Apical 


Inferior 


total thallium dose administered to each patient was 
within the guidelines established by the Radiation Safe- 
ty Committee at Massachusetts General Hospital. 

Image analysis: The standard delayed and the re- 
injected digital images were normalized to peak myo- 
cardial activity for each projection (determined from 
the initial image set). The normalized perfusion images 
were presented in pairs (initial:delayed, initial:reinject- 
ed) but without identification to 2 experienced observers 
for consensus qualitative scoring using a 5-point scale (0 
= absent to 4 = normal). Each set was presented in 
random order and scored independent of clinical, elec- 
trocardiographic or angiographic data: in no case was 
delayed and reinjected image sets for a given patient 
reviewed consecutively. The scoring followed a standard 
segmentation scheme as shown in Figure 1. 

Each segment was classified as demonstrating nor- 
mal perfusion, redistribution or a persistent defect by 
qualitative, visual assessment. A segmental redistribu- 
tion assignment required an increase of 21 grades on 
the delayed or reinjected image set when compared to 
the postexercise images. Segments so classified were 
then assigned to a coronary vascular territory as shown 
in Figure 2; assignment of the left ventricular apex was 
variable, and based on the presence of adjacent perfu- 
sion defects. 

Quantitative analysis of the scintigraphic perfusion 
data was performed in 21 of the 22 patients who under- 
went cardiac catheterization; a computer-based circum- 
ferential profile analysis program was applied, as previ- 
ously described.’”*:!° Briefly, epicardial and endocardial 
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FIGURE 1. Diagram of the standard segmentation scheme used for scoring all thallium images. The anterior (ANT) view 
contains the anterolateral, apical and inferior segments; the left anterior oblique (LAO) view includes the septal, apicoinferior 
and posterolateral segments; the lateral (LAT) projection is comprised of the anterior, apical and inferoposterior segments. 
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borders were defined by an experienced technologist. 
Valve plane and outflow tract segments were excluded 
by the operator; automated registration of paired views 
and background subtraction were performed. Thallium 
activity was then computed at 128 equally spaced points 
around the left ventricular perimeter, with a numeric 
value assigned to each point (representing the average 
of the 3 consecutive pixels with maximal thallium activ- 
ity on the ray that identified that point).2° Thallium ac- 
tivity is then subdivided along the left ventricular perim- 
eter into 15 sections of equal length. The segmental and 
coronary vascular assignment for these sectors have 
been previously outlined.2?7 A segment was defined 
as manifesting “redistribution” when the delayed or re- 
injected image had an increment in quantitative score of 
=10% compared to the initial image. 

Coronary angiography: Twenty-two of the 41 pa- 
tients (54%) underwent clinically indicated coronary an- 
giography. The coronary vessels were imaged in stan- 
dard orthogonal projections. Qualitative visual assess- 
ment of maximum percent epicardial stenosis was 
scored for each of the 3 major arteries by 2 experienced 
observers who were blinded to the clinical, electrocar- 
diographic and radionuclide data. Coronary stenosis 
was considered physiologically significant if there was 
250% reduction of luminal diameter. 


RESULTS 
Segmental analysis: Three hundred sixty-nine seg- 
ments were available for scoring in the 41 patient group: 


9 were rejected by consensus because of inconsistent re- 
positioning of the delayed or reinjected image set. Of 
the 360 segments scored (Table I), concordance be- 
tween the delayed and reinjected image set occurred in 
307 (85%). Of the 53 segments with discordant scoring, 
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44 (83%) had persistent defects on conventional delayed 
images that were classified as redistributing after re- 
injection. These 44 segments represented 31% of the 
141 segments scored as persistent defects on the basis of 
conventional 3- to 4-hour delayed images. Representa- 
tive cases are shown in Figure 3. 

In the subset of patients who underwent cardiac 
catheterization, concordant scoring occurred in 158 of 
190 segments (83%); a similar concordance rate oc- 
curred in the noncatheterized patient subset (149 of 
170, 88%). In contrast, reassignment from persistent de- 
fect to redistribution occurred in 31 of 71 (44%) seg- 
ments in the catheterized group compared to a 19% re- 
assignment frequency in the group that did not undergo 
angiography (p <0.01). The quantitative segmental 
data for 21 of the 22 patients in the catheterized group 
are listed in Table II. The quantitative delayed and 
reinjection assignments were concordant in 156 of 188 
segments. Of 83 segments with persistent defects on 
conventional delayed images, 20 (24%) were considered 
to redistribute by quantitative criteria after reinjection. 

Patient analysis: Absolute concordance in segmental 
scoring of thallium images occurred in 16 of 41 patients 
(39%). A concordant diagnostic assessment was made 
in 30 of 41 patients (73%). New segmental “redistribu- 
tion” was identified in 12 of 41 subjects (29%): this was 
observed with an approximate 2-fold greater frequency 
in the catheterized subset (8 of 22 vs 4 of 19, difference 
not significant). In 9 of these 12 patients, reinjection 
provided the only scintigraphic evidence of ischemia, 
again with a 2-fold greater frequency in the catheter- 
ized group (6 of 22 vs 3 of 19, difference not signifi- 
cant). 

In 6 patients, segments scored as demonstrating re- 
distribution on the conventional delayed images were re- 


FIGURE 2. Coronary vascular territo- 
ries corresponding to the segmentation 
scheme defined in Figure 1. Assign- 
ment of the left ventricular apex was 
variable, and based on the presence of 
adjacent perfusion defects. LAD = left 
anterior descending; LCx = left circum- 
flex; PDA = posterior descending ar- 
tery; other abbreviations as in Figure 





TABLE I Qualitative Segmental Scoring (n = 360) in 41 
Patients: Conventional Delayed Versus Reinjection Images 


Delayed Images 
Reinjected 
Images 


N = normal; PD = persistent defect; RD = redistribution. 


assigned as persistent defects after reinjection; in 2 pa- 
tients, the conventional delayed images provided the 
sole evidence of ischemia from the scintigraphic data. 

In the 22-patient subset that underwent cardiac 
catheterization, evidence of redistribution after reinjec- 
tion was identified in 14 vascular territories. Eight of 
these territories were supplied by totally occluded ves- 
sels; 7 of these 8 had evidence of collateral filling of the 
distal vessel. The remaining 6 territories were supplied 
by vessels with 290% reduction of luminal diameter. 
Thus, angiographic confirmation of intact perfusion was 
found in 13 of 14 cases (93%). 


DISCUSSION 

The first reports of myocardial perfusion imaging for 
the detection of ischemia used separate stress and rest 
injections of either potassium-437! or rubidium-81.” 
The introduction of the potassium analog thallium-201 
continued the dual injection technique: typically, 
the first injection was performed at peak exercise and 
the second performed at rest several days to weeks lat- 
er 23-25 

In 1977, Pohost et al! reported that images obtained 
several hours after stress injection of thallium often re- 
vealed “normalization” of thallium activity in segments 
that were initially “hypoperfused.” This redistribution 
phenomenon was felt to reflect either continued accu- 
mulation of thallium in such hypoperfused segments, or 
more rapid clearance of the radiopharmaceutical from 
zones with normal perfusion during stress.”°’ 

By convention, thallium defects present on both 
stress and rest scintigrams are interpreted as represent- 
ing myocardial scar while zones of decreased perfusion 
observed only on the stress images are attributed to 
myocardial ischemia. Given the close association be- 
tween myocardial blood flow and cardiac function in 
most clinical settings, normal thallium uptake or evi- 
dence of segmental redistribution is widely viewed as an 
index of viability. 

A number of recent reports have suggested that per- 
sistent defects on conventional thallium redistribution 
images should not be considered prima facie evidence of 
myocardial scar. Gutman et al'! have reported that 20% 
of thallium defects that do not redistribute at 4 hours 
manifest “fill-in” if imaged 24 hours after initial injec- 
tion. Liu et al!2 have reported that 75% of persistent 
defects identified before percutaneous transluminal cor- 
onary angioplasty in patients with 1-vessel disease of the 
left anterior descending coronary artery were normal on 
repeat, postintervention studies. Gibson et al'° have re- 


TABLE Il Quantitative Segmental Scoring (n = 188 
segments) in 21 Patients: Conventional Delayed Versus 
Reinjection Images 


Delayed Images 
Reinjected 
Images 


Abbreviations as in Table l. 


ported that 45% of persistent thallium defects identified 
preoperatively improve after coronary bypass surgery. 
More recently, Cloninger et al*® reported “incomplete 
redistribution” and consequent overestimation of scar- 
ring using single photon emission computed tomogra- 
phy, suggesting that this phenomena is not limited to 
planar imaging. Two reports by Tillisch'*, Marshall! 
and co-workers demonstrated enhanced glucose utiliza- 
tion in zones with fixed abnormalities of thallium up- 
take, clearly suggesting that viable myocardium is 
present in such zones. Thus, several lines of evidence 
converge to challenge the interpretive paradigm that 
equates fixed thallium defects with myocardial scar, 
and by inference with the absence of jeopardized, viable 
myocardium in such segments. 

The mechanistic basis for thallium redistribution— 
that is, continued accumulation of the radiopharmaceu- 
tical in ischemic zones versus more rapid thallium clear- 
ance from segments with normal perfusion—has been 
verified in animals with single episodes of acute isch- 
emia.2? The situation in chronically underperfused 
areas, or in zones of myocardium subjected to repeated 
bouts of acute ischemia, where the cell may respond 
with an altered potassium flux, is uncertain. 

The present data are consistent with previous reports 
suggesting that approximately 30% of segmental persis- 
tent defects assigned by conventional delayed imaging 
demonstate “fill-in” after rest injection. This “fill-in” 
was Clinically significant in 9 patients (22%), in that it 
provided the only evidence of ischemia from the scinti- 
graphic data. As outlined, intact perfusion at angiogra- 
phy was identified in 93% of cases in which new seg- 
mental redistribution was seen after reinjection. Al- 
though quantitative data were available only for the 
catheterized patient group, this analysis did provide cor- 
roborative evidence of “fill-in” after reinjection, al- 
though the frequency of incremental “redistribution” 
was greater by visual assessment (44 vs 24%). 

As might be expected, the frequency of new redistri- 
bution after reinjection is increased 2-fold in the patient 
subset that went on to coronary angiography, both on a 
segmental (41 vs 19%) and “diagnostic assignment” ba- 
sis. This finding most probably reflects a selection bias 
related to the severity of the underlying coronary dis- 
ease that prompted invasive study. 

With respect to the observation that a small number 
of segments demonstrated redistribution only on the 
conventional 3- to 4-hour delayed images, one may 
speculate that such patients manifest regional hypoper- 


THE AMERICAN JOURNAL OF CARDIOLOGY JULY 15,1990 161 











— 5 = 


fusion at rest, a finding previously reported by Gewirtz 
et al.” Given this small number of patients and the ab- 
sence of correlative angiographic data, speculation re- 
garding the specific clinical significance of this redistri- 
bution pattern is precluded. However, this issue may be 
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DELAY 


INIT 


INIT DELAY RE-INJ 


FIGURE 3. Three representative cases of redistribution and rein 
images were acquired immediately after exercise, the middle co 


defect on the initial postexercise images (seen best in the LAO 70° 


proves in the reinjection images. C, patient with an inferior and 





of critical importance given that the new, technetium- 
labeled myocardial perfusion agents do not manifest re- 
distribution, and thus require separate stress and rest 
injections.*° Thus, it will be imperative to assess the 
clinical significance of this finding in future studies. 
Limitations: Several limitations of this pilot trial 
merit comment. First, it must be emphasized that the 
patient population studied is biased as evidenced by the 
high incidence of prior infarction and by the selection of 
patients who manifested a persistent thallium defect at 
4 hours. Thus, our findings may not apply when the 
prior probability of coronary artery disease is lower. In 
addition, the limited number of women studied pre- 
cludes specific conclusions about this patient subset. 
Second, although it has become widely accepted that 
segmental thallium redistribution reflects “viability,” 
data comparing improved thallium uptake after reinjec- 
tion to an independent clinical index of viability (e.g., 
positron emission tomography) are preliminary at pres- 
ent. Third, the present study was performed with planar 
data acquisition techniques. It can reasonably be argued 
that the incremental regional perfusion data available 
using single photon emission computed tomography 
might have detected de novo at 4 hours the “redistribu- 
tion” noted after reinjection with planar imaging. Data 
that assess the potential role of rest-reinjection as an 
adjunct to conventional single photon emission comput- 
ed tomography are clearly required. Finally, the data 


INIT REINJ_ 


DELAY 


jection thallium-201 images. In each, the left column 

lumn images were acquired 3 to 4 hours later and the right cot- 
umn images were acquired 10 minutes after reinjection. The projections are top row anterior; middle row LAO 45°, bottom 
row LAO 70°. A, patient with anterior wall, apical and septal perfusion defects on the initial postexercise images. In both the re- 
distribution and reinjection images, the apical defect normalizes. The anterior defect remains fixed in both the redistribution and 
reinjection images; however, the septal defect improves in only the reinjection images. B, patient with an inferior wall perfusion 


image) that remains fixed in the redistribution images but im- 


posterior perfusion defect on the initial postexercise images, 


which remains fixed in both the redistribution and reinjection images. Abbreviation as in Figure 1. 
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analysis performed in the present study was based pri- 
marily on qualitative segmental scoring of conventional 
delayed versus rest-reinjected images; comparison of 
quantitative analysis, as well as the potential incremen- 
tal value of such analysis, must be addressed in a future 
study. 
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Antianginal, Hemodynamic and Coronary 
Vascular Effects of Captopril 
in Stable Angina Pectoris 
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A pilot study was performed to assess the short- 


term effects of intravenous captopril on anginal 
threshold and systemic and coronary hemodynam- 
ics in patients with stable angina pectoris. Twelve 
patients with documented coronary artery disease, 
stable angina pectoris and normal left ventricular 
function were studied by an incremental atrial pac- 
ing stress test before and after intravenous capto- 
pril (n = 8) or placebo (n = 4). There were no sig- 
nificant differences in the extent of coronary dis- 
ease or left ventricular function between the 2 
groups and resting plasma-renin levels were nor- 
mal. Captopril increased the time to angina (14 + 4 
to 19 + 5 minutes, p <0.05), increased heart rate 
at development of angina (126 + 7 to 142 + 7 
beats/min, p <0.05) and tended to increase coro- 
nary blood flow (229 + 154 to 296 + 259 ml/min, 
p = 0.11) and decrease coronary vascular resis- 
tance (53 + 10 to 47 + 3 dynes s cm~°/1,000, p = 
0.11) at peak stress without alteration in systemic 
hemodynamics. No significant changes were seen 
after placebo administration. Therefore, intrave- 
nous captopril appears to cause a short-term in- 
crease of coronary vascular reserve, and anginal 
threshold in patients with chronic stable angina. 
This effect appears to be independent of inhibition 
of the systemic renin-angiotensin system or sys- 
temic hemodynamic changes. 

(Am J Cardiol 1990;66:164-167) 
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ngina pectoris is the result of an unfavorable 
A Baie between myocardial oxygen demand and 

supply. Angiotensin-converting enzyme inhibi- 
tors, such as captopril, may offer a new therapeutic op- 
tion for the treatment of angina. Angiotensin-converting 
enzyme inhibitors are coronary vasodilators in isolated 
heart preparations.' Further, they have a sympatholytic 
action and they decrease heart rate,*? actions that 
might be expected to decrease angina. Tolerance to 
their vasodilator action in congestive heart failure has 
not been observed.* Animal experiments have shown 
that converting enzyme inhibitors improve coronary 
perfusion, myocardial metabolism and myocardial func- 
tion in experimental models of myocardial ischemia.5 
Clinical studies are few and have yielded conflicting re- 
sults. Some reports suggest that converting enzyme in- 
hibitors decrease angina in patients with ischemic heart 
disease who are hypertensive,*© have heart failure,’ or 
in whom the renin-angiotensin system has been activat- 
ed by diuretic therapy.® One study has suggested that 
they may be of value in patients with uncomplicated 
angina.’ This study reports the short-term effects of in- 
travenous captopril on anginal threshold and coronary 
and systemic hemodynamics in patients with uncompli- 
cated angina pectoris and normal plasma-renin activity. 


METHODS 

Twelve patients with chronic stable angina under- 
going diagnostic coronary angiography were studied. 
Eight received captopril (group 1) and 4 received place- 
bo (group 2). Group 1 was made up of all men aged 55 
+ 7 years while group 2 comprised 3 men and 1 woman 
aged 52 + 10 years. Mean left ventricular ejection frac- 
tion in group 1 was 67 + 18% and 67 + 4% in group 2. 
All patients had documented coronary artery disease 
with 21 coronary stenosis of >75% cross-sectional area, 
but no patient had significant left main stenosis. The 
extent of coronary artery disease by the Brandt scoring 
system!” was a mean of 8.0 + 1.6 in group 1 and 7.7 + 
4.9 in group 2 (difference not significant). 

The protocol was approved by the local ethical com- 
mittee and patients gave written informed consent. Pa- 
tients were studied in the fasting state, after 10 mg of 
diazepam orally 1 hour before the procedure. The right 
femoral artery was entered and routine Judkins coro- 
nary angiography and left ventriculography were per- 
formed using Iopamiro 370 (0.755 g/ml iopamidol in 
aqueous solution). After routine catheterization, a 7Fr 
pigtail catheter was left in the left ventricle, via an 8Fr 





TABLE I Systemic Hemodynamic Effects 


Group 1—Captopril (n = 8) 


Before Captopril 


After Captopril 


Rest Peak Stress Rest Peak Stress 


HR (beats/min) 12647 
SAP (mm Hg) 118+6 
PAP (mm Hg) 20+3 
LVEDP (mm Hg) 1043 
CO (liters /min) 7.10.9 


Group 2—Placebo (n = 4) 


Before Placebo 


After Placebo 


Rest Peak Stress Rest Peak Stress 


HR (beats/min) 66 +4 127+ 10 7144 133412 
SAP (mm Hg) 1095 125+8 11645 123+6 
PAP (mm Hg) 16+2 22 +} 15+2 ZES 
LVEDP (mm Hg) 942 73 9+1 6+2 
CO (liters /min) 5.0+0.7 5.8+0.8 4.9 +0.8 5.5+0.7 


* p <0.05. 


CO = cardiac output; HR = heart rate; LVEDP = left ventricular end-diastolic pressure; PAP = mean pulmonary artery pressure; SAP = mean systemic arterial pressure. 


TABLE Ii Coronary Effects 


Group 1—Captopril (n = 8) 


Before Captopril 


After Captopril 


Rest Peak Stress Rest Peak Stress 


CBF (ml/min) 136 + 63 229 + 154 120 +65 296 + 259 
CVR (dynes s cm~? / 1,000) 72£13 53+10 90 + 36 47 +31 
CS lactate (mmol/liters) 0.50.1 0.8 + 0.4 0.7 +40.5 0.90.5 
CS O2 (%) 3145 3244 3145 35+4 


Group 2—Placebo (n = 4) 


Before Placebo 


After Placebo 


Rest Peak Stress Rest Peak Stress 


CBF (ml/min) 92431 189 + 52 83 + 26 195+ 67 
CVR (dynes s cm~°/ 1,000) 97+ 34 52215 114 48 47+13 
CS lactate (mmol /liters) 0.7+0.6 1.0+0.7 0.9+0.7 1.2+0.9 
CS O2 (%) 3044 3444 3245 3343 


CBF = coronary sinus blood flow; CS lactate = coronary sinus lactate concentration; CS O» = coronary sinus oxygen saturation; CVR = coronary vascular resistance. 


sheath in the right femoral artery for measurement of 
left ventricular and femoral arterial pressure. A 7Fr 
Swan-Ganz catheter with thermodilution capacity was 
then advanced to the pulmonary artery from the right 
femoral vein. A 7Fr Wilton Webster catheter with pac- 
ing capability was advanced to the coronary sinus from 
the left brachial vein. After a rest period of 10 min- 
utes and >30 minutes after the completion of the rou- 
tine catheterization procedure, control measurements of 
right atrial, pulmonary arterial, femoral arterial and left 
ventricular pressures were made at end-expiration with 
zero reference at the midthoracic level. Cardiac output 
by thermodilution was measured in triplicate and coro- 
nary sinus blood flow was measured by thermodilution!! 
in duplicate. Femoral arterial blood was drawn for plas- 
ma-renin activity.!? Coronary sinus blood was drawn for 
oxygen saturation and lactate concentration. 


Stress testing was performed by a multistage atrial 
pacing test.!3 Pacing was commenced at 10 beats/min 
above the resting heart rate and increased by 10 beats/ 
min every 3 minutes until the development of angina 
(peak stress). Hemodynamic measurements and coro- 
nary sinus blood samples were repeated at peak stress. 
After a further rest period of 10 minutes, either capto- 
pril 10 mg or placebo (5 ml saline) was administered 
intravenously in a single-blind fashion. After a further 
20 minutes, the pacing stress test was repeated, com- 
mencing the atrial pacing at the same initial rate as the 
control atrial pacing stress test. 

Data are presented as the mean + standard devi- 
ation. Results were compared by paired and nonpaired 
t tests. Two-tailed probabilities were calculated from 
published tables. Results were regarded as statistically 
significant for a p value <0.05. 
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RESULTS 

Systemic hemodynamics: There were no statistically 
significant differences in hemodynamic variables be- 
tween groups at rest before intervention (Tables I and 
II). With the atrial pacing stress test, there were no sta- 
tistically significant differences in the time to angina 
(14 + 2 and 16 + 4 minutes, captopril and placebo 
groups, respectively) and heart rate at the development 
of angina before intervention. 

After intervention (captopril or placebo), there were 
no statistically significant changes in resting hemody- 
namic variables either within or between groups. How- 
ever, the time to angina with atrial pacing stress testing 
increased significantly in the captopril group (14 + 2 to 
19 + 2 minutes before and after captopril, respectively, 
p <0.01), but did not change significantly after placebo 
(16 + 4 to 17 + 4 minutes, before and after placebo, 
respectively). Similarly, the heart rate at development 
of angina was increased significantly after captopril 
(126 + 7 to 142 + 7 beats/min before and after capto- 
pril, respectively, p <0.05) but not after placebo (127 + 
10 to 133 + 12 beats/min, before and after placebo, 
respectively, difference not significant). 

There were no statistically significant differences in 
systemic arterial pressure, pulmonary arterial pressure, 
left ventricular diastolic pressure, cardiac output or dou- 
ble product (systolic blood pressure X heart rate) at 
peak stress both within and between the groups before 
and after intervention. 

Myocardial effects: There were no statistically sig- 
nificant differences between groups in coronary blood 
flow, coronary vascular resistance, coronary sinus lac- 
tate concentration or coronary sinus oxygen saturation 
at rest either before or after the administration of capto- 
pril or placebo (Table II, Figure 1). Atrial pacing stress 
testing resulted in increased coronary blood flow, de- 
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creased coronary vascular resistance, increased coronary 
sinus lactate concentration and increased coronary sinus 
oxygen saturation at peak stress in both groups before 
intervention. After placebo administration in group 2, 
there were no significant changes in these variables at 
peak stress. 

After captopril administration in group 1, coronary 
blood flow at peak stress was greater than that before 
intervention (229 + 154 to 296 + 259 ml/min before 
and after captopril, respectively), but failed to achieve 
statistical significance (p = 0.11). Coronary vascular re- 
sistance at peak stress also tended to be lower (53 + 10 
to 47 + 31 dyne s cm~°/1,000 before and after capto- 
pril, respectively, p = 0.11). However, when coronary 
blood flow and coronary vascular resistance were ex- 
pressed as a percentage change from rest to peak stress, 
there was both a significant increase in coronary blood 
flow (66 + 24 to 150 + 53%, p <0.05), and a decrease 
in coronary vascular resistance (—26 + 7 to —49 + 7%, 
p <0.05) after captopril administration (Figure 1). 

Plasma renin: The initial resting arterial plasma re- 
nin in group 1 was 0.62 + 0.75 nmol/liters/hr and 0.32 
+ 0.25 nmol/liters/hr in group 2. After captopril, the 
mean value for group 1 was 0.72 + 0.79 nmol/liters/hr 
and 0.38 + 0.38 nmol/liters/hr for group 2 after place- 
bo (difference not significant). All these values are 
within the normal range for recumbent subjects for our 
laboratory (0.15 to 1.55 nmol/liters/hr). 


DISCUSSION 

This study was a provisional study to assess the 
short-term effects of intravenous captopril on anginal 
threshold in patients with stable angina pectoris, normal 
left ventricular function and without activation of the 
renin-angiotensin system. We also measured both the 
systemic and coronary hemodynamic effects of capto- 


FIGURE I. Two groups of patients (with 
stable angina pectoris) underwent an atrial 
pacing stress test before and after either 
intravenous captopril (n = 8) or placebo (n 
= 4). The figure shows change in percent- 
age change from rest to development of 
angina and change in time to angina for 
both groups. Double product is the systolic 
arterial pressure X heart rate. CBF = cor- 
onary sinus blood flow; CS lactate = coro- 
nary sinus lactate; CS O2 = coronary sinus 
oxygen saturation; CVR = coronary vas- 
cular resistance. 
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pril in these patients. Although the patient numbers 
were small, captopril did appear to increase time to 
angina, heart rate at development of angina and coro- 
nary blood flow at peak stress in these patients. These 
changes were seen without any apparent changes in sys- 
temic hemodynamics. These data suggest that captopril 
increased anginal threshold by improving coronary va- 
sodilator reserve as a result of specific coronary vasodi- 
latation. 

The improvement in coronary vasodilator reserve ob- 
served after administration of this angiotensin-convert- 
ing enzyme inhibitor may have been directly due to a 
decline in angiotensin II activity. Angiotensin II is a 
highly potent coronary vasoconstrictor having 40 times 
the potency of noradrenaline in in vitro studies.'* How- 
ever, the patients in this study had normal levels of cir- 
culating plasma renin activity at rest, whereas previous 
animal!5 and human? studies have indicated that the re- 
nin-angiotensin system only causes coronary vasocon- 
striction if renin levels are high. The increase observed 
in coronary blood flow occurred without alteration in 
systemic hemodynamics. This would suggest that the 
coronary effects were mediated either through the local 
renin-angiotensin system located in the heart! or were 
due to local cardiac nonangiotensin-mediated vasodila- 
tor effects of captopril via bradykinin and/or vasodila- 
tor prostaglandins.'’ Alternatively, the sulphydryl group 
may have caused or contributed to local vasodilatation 
by an independent mechanism.!® 

Coronary vasodilatation by converting enzyme inhi- 
bition has been observed in animal models of myocardi- 
al ischemia> with the suggestion that the effect is medi- 
ated by local inhibition of the cardiac renin-angiotensin 
system. In addition to decreasing ischemia, animal stud- 
ies have shown decrease of myocardial infarction size 
after captopril.!? Whether coronary vasodilatation is 
a class effect common to all converting enzyme inhibi- 
tion or is a specific property of captopril due to the 
presence of the sulphydryl group in the molecule has yet 
to be established in man. However, animal data suggest 
that the sulphydryl-containing angiotensin-converting 
enzyme inhibitors have greater coronary vasodilator ac- 
tion than those without this group.'® 
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Percutaneous Transluminal Coronary 


Angioplasty for Rest Angina Pectoris 
Requiring Intravenous Nitroglycerin and 
Intraaortic Balloon Counterpulsation 
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In selected patients with medically refractory rest 


angina, percutaneous transluminal coronary angio- 
plasty (PTCA) might be a reasonable alternative to 
coronary artery bypass graft surgery. Between 
January 1987 and November 1989, 1 operator at a 
Veterans Administration center performed PTCA 
on 73 vessels in 56 patients with rest angina of 
sufficient severity to require intravenous nitroglyc- 
erin in all 56 and intraaortic balloon counter- 
pulsation (IABP) in 18. Of the 56 patients, 17 
(30%) had 1-vessel disease, 14 (25%) had 2-vessel 
disease and 25 (45%) had 3-vessel disease; 14 
(25%) had 21 prior bypass surgery, 35 (62.5%) 
were within 30 days of an acute infarction, 12 
(21%) had left ventricular ejection fraction <0.50 
and 7 (12.5%) were >70 years of age. PTCA was 
successful in 61 (84%) vessels and 47 (84%) pa- 
tients (>1 vessel plus relief of angina). During in- 
dex hospitalization, there were 2 deaths (3.6%), 4 
myocardial infarctions (7.2%), 4 emergent bypass 
surgeries (7.2%) and 1 semiemergent bypass 
(1.8%) for technically unsuccessful PTCA. In fol- 
low-up from 3 to 36 months, there has been 1 ad- 
ditional myocardial infarction (1.8%), 1 late death 
(1.8%), 2 repeat PTCAs (3.6%), 6 crossovers to 
bypass (10.7%) and 38 patients (68%) have re- 
mained cardiac-event free. Although this angio- 
plasty cohort is small and selected, these data raise 
the possibility that a prospective randomized com- 
parison of PTCA versus bypass surgery might be 
feasible and appropriate in a subset of unstable 
angina patients who require intravenous nitroglyc- 
erin or IABP. 

(Am J Cardiol 1990;66:168-171) 
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(PTCA) has proved to be effective in relieving 
symptoms in selected patients with unstable angi- 
na.!-20 Nevertheless, the question as to which patients 
with unstable angina might be better served with PTCA 
than either medical therapy or coronary artery bypass 
graft surgery is an area of controversy.?!:22 For exam- 
ple, a number of observational studies have suggested 
higher rates of acute occlusion and/or restenosis for pa- 
tients with unstable angina as compared to patients with 
stable angina.°.?:!!,!3,17.20-22 Similarly, because emergent 
bypass surgery for failed PTCA can be expected to car- 
ry significantly higher risks than elective or semielective 
bypass surgery in the same patients, many centers avoid 
PTCA in unstable patients deemed to have a high oper- 
ative risk.?3:24 
We considered PTCA as an alternative to high-risk 
bypass surgery.” Several subsets of unstable angina pa- 
tients with a high operative risk have been identified.2° 
Two such subsets were the subsets of patients requiring 
intravenous nitroglycerin and intraaortic balloon pump- 
ing (IABP).*° This study reviews our experience with 
consecutive patients in these subsets. The results are 
presented to consider the possibility of a prospective 
randomized trial of PTCA versus bypass in these unsta- 
ble angina subsets. 


P ercutaneous transluminal coronary angioplasty 


METHODS 

Patient population: Fifty-six patients with rest angi- 
na, which necessitated intravenous nitroglycerin and in- 
traaortic balloon pumping (n = 18), and who under- 
went coronary angioplasty (PTCA) between January 
1987 and November 1989, constitute the study popula- 
tion (Table I). All subjects, except 2, were men with 
ages ranging from 36 to 76 years of age. Medical thera- 
py was as prescribed by the medicine and cardiology 
attending staffs; specifically, 34 of 56 patients were on 
aspirin 325 mg daily, 38 of 56 were on either nifedipine 
or diltiazem, 24 of 56 were on @ blocker (propranolol, 
metoprolol or atenolol) and 48 of 56 patients were on 
continuous heparin infusion. There were 17 (30%) with 
1-vessel coronary artery disease, 14 (25%) with 2-vessel 
disease, and 25 (45%) with 3-vessel disease. Of the 56 
patients, 14 (25%) had 21 prior coronary artery bypass 
graft operation, 35 (62.5%) were within 30 days of an 
acute infarction, 12 (21%) had left ventricular ejection 
fraction <0.50 and 7 (12.5%) were >70 years old. 
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TABLE I Patient Population 


Intravenous 
Nitroglycerin 
n= 56 (%) 


IABP 
n=18(%) 


1-vessel CAD 

2-vessel CAD 

3-vessel CAD 

Prior CABG 

Angina (<30 days) 

Age >70 yrs 

Left ventricular ejection fraction <0.50 


17 (30) 
14 (25) 
25 (45) 
14 (25) 
35 (62.5) 
7 (12.5) 4 (22) 
12/42 5/10 


CABG = coronary artery bypass grafting; CAD = coronary artery disease; IABP = 
intraaortic balloon pumping. 


2(11) 
4 (22) 
12 (67) 
5 (28) 
11 (61) 


Of the 18 patients who required IABP, 8 were on 
aspirin, 11 were on a calcium blocker, 7 were on a ĝ 
blocker, 18 were on a heparin infusion and 18 were on 
intravenous nitroglycerin. There were 2 (11%) with sin- 
gle-vessel disease, 4 (22%) with 2-vessel disease and 12 
(67%) with 3-vessel disease; 5 of 18 (28%) patients had 
>1 prior bypass surgery; 4 (22%) were >70 years old; 5 
of 10 had left ventricular ejection fraction <0.50, and 
11 (61%) were <30 days of an acute myocardial infarc- 
tion. 

Angiography: Coronary angiography was performed 
using both 35 mm cine films and digital imaging 
(ADAC, 30 frames/s 512 X 512 matrix). All coronary 
lesions were inspected in 22 orthogonal views. Cine 
films were reviewed by 22 angiographers, including the 
primary angioplasty operator and 21 cardiothoracic 
surgeon. Stenoses are expressed as a percentage of the 
normal artery diameter with >50% being considered 
significant. 

Angioplasty: The decision to perform coronary angi- 
oplasty in our hospital is subject to a weekly conference 
attended by all cardiologists and cardiothoracic sur- 
geons. The target lesions were all graded as >70% ste- 
nosis by consensus of the conference. Decisions regard- 
ing emergency angioplasty are always made in consulta- 
tion with the cardiac surgeon. All angioplasties were 
performed by 1 operator (DAM). Vessels in which an- 
gioplasty was attempted are listed in Table II. 

Commercially available guiding catheters, wires and 
balloon catheters were used. Whenever over the wire 
systems were used, the balloon catheter was flushed 
with saline and the mean gradient across the lesion was 
recorded before and after angioplasty whenever possi- 
ble. Procedural policies were as follows: maximal infla- 
tion pressure was 1 atmosphere above full inflation and/ 
or =7 atmospheres’; a maximal inflation duration of 
>60 seconds was strived for if the patient would toler- 
ate this duration; all patients were given 10,000 U intra- 
venous heparin at the start of the procedure and an ad- 
ditional 5,000 U intravenous heparin was given if the 
procedure took >2 hours; 5,000 U heparin intracoro- 
nary was given at the completion of the case; all pa- 
tients were kept on heparin infusion 212 to 18 hours 
after the procedure; and all were given 2.5 mg oral cou- 
madin daily after the angioplasty to discharge; all pa- 
tients were kept on aspirin and a calcium blocker (dil- 
tiazem or nifedipine) indefinitely. Intraaortic balloon 
counterpulsation was discontinued 4 hours after the 


TABLE II Vessels in which Percutaneous Transluminal 
Coronary Angioplasty Attempted 


IABP 
(n = 22) 


Intravenous 
Nitroglycerin (n = 73) 


Left anterior descending 
Right coronary artery 

or posterior descending artery 
Circumflex, obtuse marginal 
Diagonal 
Saphenous vein graft 
Left internal 

mammary artery 


IABP = intraaortic balloon pumping. 


heparin was stopped in the 13 successful PTCA patients 
who required it during angioplasty. Patients were kept 
at bed rest for 24 hours after the sheaths were removed. 

Of the 47 patients with successful PTCA, 41 under- 
went symptom-limited exercise testing within 1 week of 
the PTCA. Of the 13 IABP patients with successful 
PTCA, 11 underwent symptom-limited exercise testing 
within 1 week of PTCA. 

Complications—follow-up: A single page registry 
data sheet is filled out by the cardiology fellow who as- 
sists on each angioplasty.*° For long-term follow-up, the 
patients and/or their referring physicians were contact- 
ed by phone. 


RESULTS 

Angiography and gradient: The target lesions were 
all assessed to be >70% narrowed in all 56 patients be- 
fore angioplasty; 7 were total occlusions. After proce- 
dure, 47 of 56 patients had 21 artery graded as <70%; 
all of these were improved by 230%. Five patients had 
acute occlusive syndromes and 1 patient had technically 
unsuccessful PTCA. The technical failure was not ac- 
companied by clinical deterioration and the patient 
went to surgery semielectively. Four patients went to 
emergent coronary artery bypass graft (3 had occlusive 
syndromes; 1 had a large dissection but was clinically 
stable). Translesional gradients were measured in 37 
vessels in 35 patients. Before PTCA, the gradient was 
>20 mm Hg in 34 of 37 lesions. After PTCA, the gra- 
dient was <20 mm Hg in 35 of 37 lesions. 

Clinical results: short-term or in-hospital: With the 
exception of the 1 technically failed angioplasty and the 
4 emergency coronary artery bypass graft and 4 acute 
myocardial infarctions, the remaining 47 successful pa- 
tient angioplasties were accompanied by relief of rest 
angina (Table III). All together, 41 of 47 patients un- 
derwent exercise testing and 41 were completely asymp- 
tomatic. 

Complication: short-term: There were 2 deaths and 
4 myocardial infarctions subsequent to angioplasty dur- 
ing the index hospitalization. As above, 4 patients un- 
derwent emergency bypass; 1 patient died during sur- 
gery as a result of a tear of the left atrium (the 1 
emergent bypass surgery patient who did not have an 
occlusive syndrome). The 1 semielective surgery for 
technically failed angioplasty was uncomplicated. There 
were no complications of the short-term intraaortic bal- 


THE AMERICAN JOURNAL OF CARDIOLOGY JULY 15,1990 169 





TABLE Ill In-Hospital Course 


Intravenous 
Nitroglycerin 
n= 56 (%) 


IABP 
n = 18 (%) 


Successful PTCA 
Patients 
Vessels 
Complications 
Death 
Myocardial infarction 
Emergent coronary artery 
bypass graft 
Elective coronary artery 
bypass grafting 


47 (84) 
61 (84) 


13 (72) 
16 (73) 


2 (3.6) 
4 (7.2) 
4 (7.2) 


1 (5.5) 
1 (5.5) 
1 (5.5) 


1 (1.8) 1 (5.5) 


PTCA = percutaneous transluminal coronary angioplasty. 


loon counterpulsation used in a total of 18 patients un- 
dergoing angioplasty. 

Clinical results: long-term: Follow-up of these pa- 
tients has ranged from 3 months to 36 months (Table 
IV). There have been 6 late crossovers to surgery and 2 
patients have required repeat angioplasty. There has 
been 1 late death and 1 late myocardial infarction after 
the index hospitalization. 


DISCUSSION 

Percutaneous transluminal coronary angioplasty can 
be an effective means of improving coronary flow and 
relieving angina.'-?° Although patients with both mul- 
tivessel anatomy and unstable physiology have been suc- 
cessfully treated with PTCA, the exact role of PTCA 
relative to either medical therapy or bypass surgery is 
not always clear and complication rates appear to be 
higher than in stable patients.*!*2 In this retrospective 
study, patients with rest angina of sufficient severity to 
require intravenous nitroglycerin and IABP who under- 
went PTCA are reviewed. In our hospital, the use of 
intravenous nitroglycerin and IABP imply medically re- 
fractory rest angina. Similarly, undergoing PTCA im- 
plies at least one >70% epicardial coronary artery nar- 
rowing. Accordingly, these are patients with document- 
ed coronary disease (70% had multivessel disease) and 
rest angina that was medically refractory. The remain- 
ing treatment options were PTCA or bypass surgery. 

A major problem in the study of care for patients 
with unstable angina has been the diverse patient 
groups that have been lumped together under the gener- 
al category of unstable angina.”!2* From a number of 
excellent studies, specific groups with particularly un- 
favorable short-term prognoses have been identified. 
Among these groups are the following: rest angina; 
medically refractory angina; and rest angina early after 
an acute myocardial infarction. All of the patients in 
this study had medically refractory rest angina and 
62.5% were within 30 days of an acute myocardial in- 
farction. Additional cardiac factors predictive of a poor 
outcome for these patients included (Table I) age >70 
years (12.5%), left ventricular ejection fraction <0.50 
(21%) and prior bypass (25%). 

Some idea of outcome with bypass surgery in these 
patients can be inferred from the Veterans Administra- 
tion surgical registry during a comparable period (a co- 
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TABLE IV Late Follow-Up (2 to 36 months) 


Intravenous 


Nitroglycerin (%) IABP (%) 


38 (68) 
1 (1.8) 
1 (1.8) 
2 (3.6) 
6 (10.7) 


Event-free 

Death 

Myocardial infarction 
Repeat PTCA 

CABG 


CABG = coronary artery bypass grafting; IABP = intraaortic balloon pumping; 
PTCA = percutaneous transluminal coronary angioplasty. 


hort of 8,569 patients who underwent bypass at 44 cen- 
ters between May 1987 and March 1989). For example, 
the preoperative use of intravenous nitroglycerin or 
IABP were associated with operative mortalities of 9.4 
and 15.8%, respectively, in that registry.” Clearly, this 
does not represent a prospective or randomized compar- 
ison, but these data raise the possibility that in selected 
patients with refractory rest angina, a prospective ran- 
domized trial might be feasible and appropriate. 

There are currently no Veterans Administration tri- 
als of bypass surgery versus PTCA underway or being 
planned. Of the major trials ongoing, it is quite likely 
that most of the patients reported here would be exclud- 
ed either clinically or angiographically.” Of the 2 major 
United States trials, Emory University (EAST) and 
National Institute of Health (BARI), these kinds of pa- 
tients cannot be expected to constitute a very large pro- 
portion.” On the contrary, they are a significant pro- 
portion of our practice. Specifically, of the 127 PTCAs 
done in our hospital in 1989, 29 (23%) were on intrave- 
nous nitroglycerin and 11 (9%) were on IABP. In most 
referral Veterans Administration centers, these kinds of 
patients represent an increasingly large proportion of 
the cardiology patients and an even larger proportion of 
time and health care dollars (verbal communication 
with catheter lab directors participating in Veterans 
Administration Cooperative Study number 297). For 
these reasons, a prospective, randomized trial of PTCA 
versus bypass in selected subsets of refractory rest angi- 
na patients might reasonably be considered within the 
Veterans Administration system. This study suggests 
that these subsets, specifically medically refractory rest 
angina that requires intravenous nitroglycerin or IABP, 
might be considered for such a trial. 
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Clinical Relevance of Exercise-induced 
Ventricular Arrhythmias in Suspected 
Coronary Artery Disease 


Mark A. Marieb, MD, George A. Beller, MD, Robert S. Gibson, MD, Bruce B. Lerman, MD, 
and Sanjiv Kaul, MD 


Because there is controversy regarding the clinical 


relevance of exercise-induced ventricular arrhyth- 
mias, we analyzed their significance in 383 pa- 
tients who had undergone both exercise thallium- 
201 stress-testing and cardiac catheterization. 
Two-hundred twenty-one patients (58%) had no 
exercise-induced ventricular arrhythmias while 162 
(42%) did. There was no difference between pa- 
tients with and without exercise-induced ventricular 
arrhythmias in terms of previous myocardial infarc- 
tion (p = 0.61), incidence of fixed thallium-201 de- 
fects (0.06), number of diseased vessels (p = 0.09) 
and resting left ventricular ejection fraction (p = 
0.06). In contrast, evidence of provocable ischemia 
(redistribution on thallium-201 and ST-segment de- 
pression on the electrocardiogram) were more like- 
ly (p <0.02) to be seen in patients with exercise-in- 
duced ventricular arrhythmias. Discriminant func- 
tion analysis revealed that these 2 variables best 
separated patients with and without exercise-in- 
duced ventricular arrhythmias. In a 4- to 8-year 
follow-up, 89 patients had adverse cardiac events. 
Of these 89, there were 41 deaths, 9 nonfatal myo- 
cardial infarctions and 39 coronary revasculariza- 
tion procedures performed later than 3 months af- 
ter catheterization. Patients with exercise-induced 
ventricular arrhythmias were more likely (p = 0.01) 
to have these events than those without these ar- 
rhythmias. Moreover, these arrhythmias provided 
independent prognostic information beyond that 
provided by the thallium-201 stress test and coro- 
nary angiography. We conclude that exercise-in- 
duced ventricular arrhythmias are associated with 
exercise-induced ischemia and provide prognostic 
information which adds marginally to that provided 
by other noninvasive and invasive parameters in 
ambulatory patients being evaluated for chest pain. 
(Am J Cardiol 1990;66:172-178) 
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the occurrence of exercise-induced ventricular 

arrhythmias in patients with suspected coronary 
artery disease. The first is related to its association with 
exercise-induced ischemia. The second is related to its 
importance as an independent prognostic indicator. 
While some studies have supported the association of 
these arrhythmias with exercise-induced ischemia,!~ 
others have not.°-§ Similarly, whereas some studies have 
identified the occurrence of such arrhythmias with ad- 
verse prognosis,*”:!° others have not supported these ob- 
servations.*'':!2 To our knowledge, no study has used 
thallium-201 imaging to examine these issues. 

Because clinically significant provocable ischemia is 
readily observed on exercise thallium-201 imaging,'? we 
used this technique to determine whether exercise- 
induced ventricular arrhythmias are associated with 
provocable ischemia. Furthermore, we sought to deter- 
mine whether these arrhythmias provide prognostic in- 
formation above and beyond that obtained from exer- 
cise electrocardiographic and thallium-201 findings, 
resting left ventricular function and coronary anatomy. 


T here are 2 major areas of controversy surrounding 


METHODS 

Patient population: Three hundred eighty-three am- 
bulatory patients participated in the study. This patient 
cohort has been previously described.!4 These patients 
underwent both cardiac catheterization and exercise 
thallium-201 stress-testing for evaluation of chest pain 
at the University of Virginia between 1978 and 1981. 
There were 326 men and 57 women with a mean age of 
58 + 10 years. All but 1 were followed for a period of 4 
to 8 years (mean 4.6 + 2.6) for the occurrence of the 
following adverse events: death from cardiac or pre- 
sumed cardiac causes; nonfatal myocardial infarction; 
and coronary revascularization (bypass surgery or angi- 
oplasty) performed later than 3 months after cardiac 
catheterization. 

Exercise testing: All patients underwent symptom- 
limited exercise testing.'* A 12-lead electrocardiogram, 
heart rate and blood pressure were recorded before ex- 
ercise in the supine position, standing upright and dur- 
ing hyperventilation. These were also recorded during 
each minute of exercise and at 1, 2, 3 and 5 minutes 
after exercise. The electrocardiogram was also continu- 
ously monitored and the technicians were instructed to 
record it when ventricular arrhythmias were noted on 
the monitor. For this study, any ventricular premature 
complexes not noted at rest, but observed during exer- 
cise or recovery, were considered to represent exercise- 
induced ventricular arrhythmia. 














Exercise-induced ventricular arrhythmias were clas- 
sified as follows: rare and frequent ventricular prema- 
ture complexes (<5 or >5, respectively); multiform pre- 
mature ventricular complexes; couplets; ventricular 
tachycardia (=3 consecutive premature ventricular 
complexes); and, ventricular fibrillation. Exercise was 
terminated if ventricular tachycardia (210 beats) or 
ventricular fibrillation occurred. It was also terminated 
when fatigue, dyspnea, claudication, angina or hypoten- 
sion occurred. 

ST-segment depression was considered to represent 
ischemia in the following instances: if there was 21 mm 
horizontal or downsloping or 22 mm upsloping ST de- 
pression 0.08 ms after the J point in 22 contiguous 
leads in the presence of a normal baseline electrocardio- 
gram; or, if there was an additicnal 22 mm ST-seg- 
ment depression in patients with baseline ST-segment 
abnormalities as long as these were not associated with 
left bundle branch block, left ventricular hypertrophy or 
digitalis therapy.!4 

Thallium-201 imaging: The thallium-201 imaging 
protocol has been described previously.'° Planar images 
were analyzed by 2 blinded observers by means of com- 
puter assistance using a previously described 7-segment 
model.!> Each of the 7 segments was classified as either 
normal or having a fixed or reversible defect. For this 
study, the presence of redistribution (partial or com- 
plete) was considered to represent exercise-induced isch- 
emia.!3 Isolated washout abnormalities were not consid- 
ered to represent ischemia. !6 

Cardiac catheterization: Coronary artery disease 
was defined as either 250% or 270% luminal diameter 
narrowing of a major coronary artery or its major 
branch.!? The most severe stenosis was recorded for 
each vessel and patients were classified as having either 
no coronary artery disease or 1-, 2- or 3-vessel or left 
main disease by both criteria.'* Left ventricular pres- 
sures were recorded and cineangiography was per- 
formed in 338 of the 383 patients. In these patients, 
wall motion was analyzed in the following 5 segments in 
the right anterior oblique view: anterobasal; anterolater- 
al; apical; inferior and posterobasal. It was assessed as 
either normal or abnormal for each segment. Left ven- 
tricular ejection fraction was calculated using the modi- 
fied Dodge equation.!® 


FIGURE 1. Breakdown of the type of ex- 
ercise-induced ventricular arrhythmias in 
the 383 patients. PVCs = premature ven- 
tricular complexes; V = ventricular. 


Statistical analysis: Data were compiled on a mini- 
computer (VAX 8200, Digital Equipment Corporation) 
using RS/1 (Bolt, Beranek, and Newman).!? Continu- 
ous variables were expressed as mean + 1 standard de- 
viation whereas categorical variables were expressed as 
proportions. Comparison of patients with and without 
exercise-induced ventricular arrhythmias was per- 
formed by means of either the ¢ test with pooled vari- 
ance (continuous variables) or the chi-square test (cate- 
gorical variables). Differences between the 2 groups 
were considered statistically significant at p <0.05 
(2-sided). 

To determine the variables independently associated 
with the presence of exercise-induced ventricular ar- 
rhythmias, multivariate analysis was performed by 
means of discriminant function analysis using BMDP 
(University of California at Los Angeles). Stepwise 
Cox regression analysis (BMDP) was performed to de- 
termine whether the occurrence of exercise-induced 
ventricular arrhythmias predicted adverse outcome 
(death, nonfatal myocardial infarction, and coronary re- 
vascularization after 3 months of cardiac catheteriza- 
tion).2! The decision to perform revascularization in pa- 
tients undergoing such a procedure within 3 months of 
cardiac catheterization and exercise testing could have 
been influenced by the results of these tests. Such pa- 
tients, were, therefore, excluded from analysis. The sur- 
vival of patients with and without exercise-induced ven- 
tricular arrhythmias was compared using the Mantel- 
Cox test embodied in the life table analysis (Kaplan 
Meier) using BMDP.” 


RESULTS 

One-hundred sixty-two (42%) of the 383 patients 
had exercise-induced ventricular arrhythmias. Figure 1 
shows the types of arrhythmias seen in these patients. 
One-hundred ninety-nine (52%) of the 383 patients had 
no ST depression on the exercise electrocardiogram, 85 
(23%) had no defects on the initial thallium-201 images 
and 169 (44%) had no redistribution on the delayed 
thallium-201 images. Eighty-nine patients (23%) had no 
significant coronary artery disease when 250% luminal 
diameter narrowing was used as the criterion while 141 
(37%) had no significant coronary artery disease when 
>70% stenosis was used as the criterion. Only 7 of the 
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TABLE I Univariate Comparison of Clinical, Exercise and 
Electrocardiographic Variables in Patients With and Without 
Exercise-Induced Ventricular Arrhythmias 


Variables No EIVA p Value 


Clinical 
Age (yrs) 
% men 82 
% with typical angina 64 
% with previous MI 43 
% on B blockers 67 
% on digitalis 10 
NYHA class 1.7+0.8 
Exercise variables 
% with ST dep 43 
Maximal ST dep (mm) 0.8 + 1.03 
No. leads with ST dep 1.8+2.0 
Duration of ST dep (min) 1.3+2.0 
% with horizontal or 15 
downsloping ST dep 
HR at peak exercise 
AHR rest — exercise 
SBP at peak exercise 
A SBP rest — exercise 
Workload (METs) 5.9+2.6 6.442.8 
Duration of exercise (min) 6.0+2.7 6.342.8 
% with chest pain 19 21 
during exercise 


128 + 26 
oS 21 
158 + 26 
28 + 22 


127+ 26 
54+ 23 
154+ 27 
28+ 24 


dep = depression; EIVA = exercise-induced ventricular arrhythmias; HR = heart 
rate; AHR = change in heart rate; MI = myocardial infarction; NYHA = New York 
Heart Association; SBP = systolic blood pressure; ASBP = change in systolic blood 
pressure. 


162 patients (4%) with exercise-induced ventricular ar- 
rhythmias did not have some abnormality on either the 


exercise electrocardiogram, thallium-201 images or the 
coronary angiogram compared to 33 of the 221 patients 
(15%) without these arrhythmias (p <0.001). 
Univariate comparison of patients with and without 
exercise-induced ventricular arrhythmias: Patients 
with exercise-induced ventricular arrhythmias were old- 
er and were more likely to be men (Table I). The preva- 
lence of typical angina and previous myocardial infarc- 
tion was similar in the 2 groups of patients. The 2 
groups were also similar in terms of their average func- 
tional class and the types of antianginal medications 
(Table I). Patients with exercise-induced ventricular ar- 
rhythmias were more likely to have ST-segment depres- 
sion on exercise (Table I and Figure 2). These patients 
also exhibited a greater degree (number of leads show- 
ing ST depression and depth of ST depression) and du- 
ration of ST segment depression (Table I). Other exer- 
cise variables were similar in the 2 groups (Table I). 
There was a greater incidence of initial defects and 
redistribution in patients with exercise-induced ventricu- 
lar arrhythmias (Table II and Figure 2). The number of 
initial and reversible defects was also greater in these 
patients. The incidence of persistent defects was, how- 
ever, similar in the 2 groups. The incidence of coronary 
artery disease was greater in patients with exercise-in- 
duced ventricular arrhythmias (Table II and Figure 2). 
Whereas the number of diseased vessels and the inci- 
dence of multivessel disease was similar in the 2 groups 
when coronary artery disease was defined as 250% lu- 
minal diameter narrowing (Table II and Figure 2), they 
were both greater in patients with exercise-induced ven- 
tricular arrhythmias when the criterion was >70% lu- 
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minal diameter narrowing. The number of myocardial 
segments with abnormal motion during cineangiogra- 
phy and the left ventricular end-diastolic pressure were 
also similar between the two groups. Patients with exer- 
cise-induced ventricular arrhythmias had a borderline 
lower (p = 0.06) left ventricular ejection fraction. 

Discrimination between patients with and without 
exercise-induced ventricular arrhythmias using multi- 
variate analysis: When stepwise discriminant function 
analysis was performed, markers of myocardial isch- 
emia were found to be the most important correlates of 
exercise-induced ventricular arrhythmias. In this re- 
gard, the presence of redistribution provided the great- 
est discrimination between patients with and without 
these arrhythmias (F = 10.7, p <0.01). The duration of 
ST-segment depression during the exercise test was the 
second most important discriminator between patients 
with and without such arrhythmias (F = 6.6, p <0.05). 
Gender and age were also of additional value in this 
regard (F = 4.3 for each, p <0.05). Importantly, none 
of the cardiac catheterization findings were independent 
discriminators between patients with and without exer- 
cise-induced ventricular arrhythmias in the presence of 
these above-mentioned noninvasive and clinical findings. 
These results were unchanged even when the 14 pa- 
tients with rare (<5) premature ventricular complexes 
were not considered to represent exercise-induced ven- 
tricular arrhythmias. 

Prognostic implications of exercise-induced ventric- 
ular arrhythmias: There were 89 adverse cardiac events 
in the 4- to 8-year follow-up. Forty-one patients died of 
cardiac or presumed cardiac causes, 9 suffered a nonfa- 
tal myocardial infarction and 39 underwent a coronary 
revascularization procedure later than 3 months after 
cardiac catheterization. Two-hundred ten patients had 
no cardiac events, while 84 patients had coronary revas- 
cularization within 3 months of cardiac catheterization. 
This latter group was excluded from analysis of out- 
come. 

On Cox regression analysis, exercise-induced ven- 
tricular arrhythmias exhibited prognostic information, 
which was independent of clinical, exercise electrocar- 
diographic and thallium-201 findings and coronary 
anatomy. Although coronary anatomy, redistribution on 
thallium-201 images and poor heart rate response to ex- 
ercise were more powerful predictors of outcome (chi- 
square values of 38.1, 16.3 and 10.3, respectively), the 
occurrence of exercise-induced ventricular arrhythmias 
was also a significant independent predictor of adverse 
outcome (chi-square = 5.9, p = 0.02). There were 2 
patients with no other abnormalities other than exer- 
cise-induced ventricular arrhythmias who experienced 
adverse events. One continued to have chest pain and 
2.5 years later was found to have significant coronary 
artery disease on repeat angiography and underwent by- 
pass surgery. The other died suddenly 4 years later. 

Exercise-induced ventricular arrhythmias contrib- 
uted approximately 10% to the overall power of the Cox 
model (which also included the other variables men- 
tioned above) for predicting adverse outcome in these 
patients. The exclusion of patients with rare (<5) ven- 
tricular premature complexes did not alter these results. 





TABLE Il Univariate Comparison of Thallium-201 Imaging and Cardiac Catheterization Variables in Patients With and Without 


Exercise-induced Ventricular Arrhythmias 
Variables 


Thallium-201 imaging 

% with initial defects 

No. segments with initial 
defects 

% with redistribution 

No. segments with 
redistribution 

% with fixed defects 

No segments with fixed defects 

Cardiac catheterization 

% with CAD (=50% stenosis) 

No. of diseased vessels 
(250% stenosis) 

% with CAD (=70% stenosis) 

No. of diseased vessels 
(270% stenosis) 

% multivessel disease 60 
>50% stenosis) 

% with multivessel disease 31 
(=70% stenosis) 

No. of segments with AWM* 

LVEF* 

LVEDP* 


* Data available in 338 of 383 patients. 


1.4+1.6 
0.59 +0.14 
1447 


No EIVA 


HE14 
0.61 +0.12 
1446 


AWM = abnormal wall motion; CAD = coronary artery disease; EIVA = exercise-induced ventricular arrhythmias; LVEDP = left ventricular end-diastolic pressure; LVEF = left 


ventricular ejection fraction. 


When late revascularization, however, was excluded as 
an event, exercise-induced ventricular arrhythmias did 
not retain their prognostic importance. Figure 3 shows 
the survival curves between patients with and without 


exercise-induced ventricular arrhythmias. The latter 
group had a significantly better (p = 0.01) survival 
(mean + 1 standard error of the mean of 6.7 + 0.2 


years) than the former (mean + 1 standard error of the 
mean of 5.9 + 0.3 years). 


DISCUSSION 

Exercise-induced ventricular arrhythmias and exer- 
cise-induced ischemia: There is controversy regarding 
the clinical significance of exercise-induced ventricular 
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FIGURE 2. Comparison of the incidence of 
ST-segment depression on the exercise 

am (ST DEP) initial defects 
(INIT DEF) and redistribution (REDIS) on 
exercise thallium imaging, and, any coro- 
nary artery disease (CAD) or multivessel 
disease (MVD) on angiography in patients 
with and without exercise-induced 
ventricular arrhythmias (VA). 
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arrhythmias. Because these arrhythmias can occur in 
normal subjects?>-*’ and in patients with normal coro- 
nary arteries,'~* it has been argued that these arrhyth- 
mias may have no clinical significance. In contrast, pa- 
tients with documented coronary artery disease have a 
greater incidence of such arrhythmias, which tend to be 
more complex in patients with more severe disease.!~4 

Several studies using exercise electrocardiography 
have reported the association of exercise-induced ven- 
tricular arrhythmias related to the onset and severity of 
ST-segment depression.”*+> Other studies have been un- 
able to corroborate these findings.':®’ One of the prob- 
lems with these previous studies is that ST-segment de- 
pression alone was used as a marker for exercise-in- 
duced ischemia. The criteria for ST-segment depression 
as a marker of ischemia varies in different laboratories, 
and may, in part, explain the discrepancies noted previ- 
ously. In addition, the specificity of ST depression is 
markedly affected by conditions such as left ventricular 
hypertrophy and drug therapy.**? In our study, using 
an independent and very specific marker of ischemia 
(presence of redistribution on exercise thallium-201 im- 
aging),'> we were able to show a strong association be- 
tween exercise-induced ventricular arrhythmias and ex- 
ercise-induced ischemia. 

Another major reason for the controversy is related 
to the use of coronary angiography to define the pres- 
ence and severity of coronary artery disease in some of 
the previous studies. While there is no doubt that coro- 
nary anatomy is a powerful indicator of the severity of 
coronary disease, it provides little information regarding 
the potential for inducible ischemia in a particular pa- 
tient. It therefore does not necessarily follow that more 
severe coronary anatomy is associated with more severe 
ischemia. This fact is clearly shown in our study, where, 


NO V. ARRHYTHMIAS 


O 


V. ARRHYTHMIAS 


EVENT FREE SURVIVAL 
O 


3 4 5 


TIME (years) 


176 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


although redistribution and ST-segment depression 
were more frequent in patients with exercise-induced 
arrhythmias, the presence of multivessel disease and the 
number of diseased vessels (defined as 250% luminal 
diameter narrowing) was similar in the 2 groups. This 
limitation of coronary angiography may, in part, have 
affected the clinical relevance of some of the previous 
studies. 

The definition of significant coronary artery disease 
differed in these above-mentioned studies. Whereas 
some used 250% luminal diameter narrowing as the 
criterion, in others it was more strict. As shown in our 
study, the use of different criteria markedly affects the 
results and may be responsible for some of the disparity 
noted in these studies. Finally, the presence of exercise- 
induced ventricular arrhythmias in patients with chest 
pain but normal coronary arteries!-4 has been used as 
an argument against its importance in patients with cor- 
onary artery disease. In our study, of the 26 patients 
with insignificant disease (<50% luminal diameter nar- 
rowing), 18 (69%) had either ST-segment depression or 
initial thallium-201 defects, or both. The majority of 
these patients with chest pain and ‘normal’ coronary an- 
giograms were, therefore, abnormal in some regard. In 
fact, 4 of these patients had adverse events on follow-up. 

Ventricular arrhythmias in patients with coronary 
artery disease are seen with greater frequency in pa- 
tients with poor left ventricular function.?~+* In such pa- 
tients, their presence during exercise might continue to 
be influenced by the poor left ventricular function rath- 
er than the onset of new ischemia.*? In the present 
study, however, the average left ventricular ejection 
fraction of the entire patient cohort was 0.60, and, 
therefore, we did not find this parameter to be useful in 
separating patients with and without such arrhythmias. 


FIGURE 3. Comparison the survival 
curves in patients showing absence and 
presence of exercise-induced ventricular 
(V) arrhythmias. The mean + 1 standard 
error of the mean survival of the former 
group is 6.7 + 0.2 years, whereas that of 
the latter is 5.9 + 0.3 years (p = 0.01). 





Had our patients demonstrated worse left ventricular 
function, it is possible that this parameter could have 
superseded exercise-induced ischemia as the most im- 
portant discriminator between patients with and with- 
out such arrhythmias. 

Exercise-induced ventricular arrhythmias and 
prognosis: There is also controversy regarding the prog- 
nostic relevance of exercise-induced arrhythmias in pa- 
tients with coronary artery disease. Studies comprising 
rather large numbers of patients have reported that the 
occurrence of such arrhythmias is an independent 
marker of adverse outcome.”:!* Other studies have re- 
ported to the contrary.*!°.'! These disparities may part- 
ly be related to differences in patient populations and 
the statistical methods used. For example, 1 study found 
the occurrence of these arrhythmias to be a significant 
independent predictor of adverse outcome when all clin- 
ical and exercise variables were taken into account, but 
they were unable to show the same when cardiac cathe- 
terization data were entered into the model.’ 

In our study, we found that the occurrence of exer- 
cise-induced ventricular arrhythmias portends poor out- 
come independent of other clinical, electrocardiograph- 
ic, thallium-201 imaging and cardiac catheterization 
variables. When all these variables were combined to 
determine prognosis, exercise-induced ventricular ar- 
rhythmias contributed approximately 10% to the overall 
prognostic power of the Cox model. This marginal prog- 
nostic importance of exercise-induced ventricular ar- 
rhythmias may also partly explain the discrepancies 
among some of the previous studies. The overwhelming 
prognostic importance of coronary anatomy and resting 
left ventricular function is likely to have masked the rel- 
evance of these arrhythmias in some of the studies.” 
Finally, the endpoints for adverse outcome may influ- 
ence the results of the studies. Whereas most studies 
considered only ‘hard events’ such as death and nonfatal 
myocardial infarction as adverse events,’ our study also 
included late revascularization as an adverse event. 

Limitations: The most obvious limitation of our 
study is the selection bias. Only patients undergoing 
both exercise thallium-201 imaging and cardiac cathe- 
terization were included in this study. These represent 
approximately 10% of all the patients undergoing exer- 
cise testing at our institution at the time of data collec- 
tion. The inclusion of a late coronary revascularization 
procedure as an event may also be questioned. We feel, 
however, that patients undergoing coronary revascular- 
ization after 3 months of testing most likely represent 
failure of medical therapy and, therefore, their proce- 
dure could be considered an adverse event. The 3-month 
cutoff is arbitrary, but liberal, because if patients are to 
undergo revascularization based solely on the results of 
coronary angiography or the exercise test, they almost 
invariably do so within 3 months of the test. We would 
also propose that the occurrence of ventricular arrhyth- 
mias during exercise did not influence the decision to 
provide revascularization in these patients. 

Our inclusion of rare (<5) premature complexes as 
exercise-induced ventricular arrhythmias may not be 
considered stringent. On the other hand, any cutoff in 


this regard would be arbitrary. Further, our results did 
not change significantly when such arrhythmias were 
excluded from analysis. We also have no way of know- 
ing whether the arrhythmias analyzed in this study were 
truly exercise-induced. Their absence in the supine and 
upright position and during hyperventilation does not 
exclude the possibility of their being present at other 
times. 

This study, as with most previous studies, was not 
designed to correlate the prognostic importance of exer- 
cise-induced ventricular arrhythmias with their specific 
mechanisms. Enhanced endogenous catecholamine re- 
lease during exercise can potentially provoke ventricular 
arrhythmias via several mechanisms. These include re- 
entry, enhanced and abnormal automaticity and trig- 
gered activity. Exercise-induced arrhythmias in subjects 
without organic heart disease have been attributed more 
often to the latter 2 mechanisms*!3* and may account 
for their generally benign nature.” In contrast, patients 
with significant coronary artery disease, particularly 
those with previous infarction, are more likely to have 
exercise-induced ventricular arrhythmias due to reentry 
(the potential role of abnormal automaticity is presently 
undefined). In these patients, catecholamines may fa- 
cilitate reentry due to either ischemia-induced electro- 
physiologic effects or direct modulation of a chronic 
electrophysiologic substrate.*? Our presumption was 
that patients with coronary artery disease who exhibited 
provocable ischemia had exercise-induced ventricular 
arrhythmias on the former basis, whereas in those with- 
out provocable ischemia, these arrhythmias were based 
on the latter mechanism. The independent prognostic 
significance of exercise-induced ventricular arrhythmias 
in each of these groups merits further study. 
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Effect of Type A Behavior on Exercise Test 
Outcome in Coronary Artery Disease 
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The outcome of the diagnostic exercise test 
depends on such patient-related factors as age, 
maximum exercise heart rate, exercise time and 
severity of the underlying coronary artery disease 
(CAD). This study examined the hypothesis that 
type A behavior would affect the amount of effort 
expended, as indicated by the exercise time and the 
maximum heart rate achieved, thereby resulting in 
differences in exercise test outcome. A total of 
1,260 patients with suspected CAD, all of whom 
had coronary angiography, a structured interview 
to assess type A behavior and a treadmill exercise 
test, participated. Of these patients, 818 (65%) 
had significant CAD, and 852 (68%) were type A. 
There were no differences between type A and B 
patients in either maximum heart rate or total exer- 
cise time. Among both type A and B subjects, 36% 
of treadmill tests were positive. Exercise test sensi- 
tivity was similar for both groups (69% for type A 
vs 72% for type B, p = 0.39). Similarly, specificity 
was similar for both groups (87% for type A vs 
80% for type B, p = 0.09). Results did not change 
after using logistic regression to control for poten- 
tial confounding factors. Thus, type A behavior 
does not need to be taken into account when inter- 
preting exercise test outcome. 

(Am J Cardiol 1990;66:179-182) 
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on such patient-related factors as age, treadmill 

test performance (including exercise time and 
maximum heart rate) and severity of the underlying 
coronary artery disease (CAD).! Psychological charac- 
teristics, particularly type A behavior, may influence ex- 
ercise test outcome as well. This issue has not been pre- 
viously explored. The type A behavior pattern is charac- 
terized by time urgency, competitiveness and a strong 
achievement drive. This behavior pattern appears to be 
brought out by the challenge of an exercise test. On the 
treadmill, healthy young type A subjects perform closer 
to their aerobic capacity than do type B subjects,* and 
type A men with CAD exercise longer than do type B.? 
This study examined whether the presence of type A 
behavior influenced exercise test performance and out- 
come. 


ik outcome of the diagnostic exercise test depends 


METHODS 

Patient population: The computerized medical infor- 
mation system used in this study has been described in 
detail elsewhere.* Between September 1974 and No- 
vember 1980, 2,407 patients with suspected CAD who 
were referred for coronary angiography also underwent 
an assessment for type A behavior. Patients with pri- 
mary valvular, congenital, myocardial or pericardial dis- 
ease, as well as patients with previous coronary artery 
bypass surgery, were excluded from this study. Among 
the eligible patients, 1,260 also had a treadmill exercise 
test within 6 weeks of catheterization. These patients 
were the subjects of this study. Coronary angiograms 
were interpreted by 2 or more experienced cardiologists 
in conference who were blinded to the behavioral assess- 
ment. Significant CAD was defined as 275% diameter 
stenosis of at least 1 coronary artery. 

Exercise testing: Exercise tests were performed us- 
ing the Bruce protocol, as previously described. Pa- 
tients exercised until limited by symptoms, abnormali- 
ties of rhythm or blood pressure occurred or marked 
and progressive ST depression developed. The following 
ST responses were considered positive: (1) 20.1 mV of 
flat or downsloping ST depression 0.08 second past the 
J point in the presence of a normal ST segment at rest; 
(2) 20.1 mV of ST elevation above the resting level in 
any lead except aVR; (3) 20.2 mV of additional flat or 
downsloping ST depression in the presence of 20.05 
mV of ST depression at rest. 

Patients were excluded if electrocardiograms dis- 
played left bundle branch block or artifact, or exercise- 
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TABLE I Demographic and Clinical Features 


Age (yrs) 

Male sex (%) 

Duration of illness (months) 

Previous MI (%) 

No. of coronary arteries narrowed 
=75% in diameter (%) 


605 (71) 


268 (31) 


283 (33) 
161 (19) 
167 (20) 
241 (28) 
Typical angina (%) 440 (52) 
Ejection fraction (median) 59% 
Beta-blocker uset (%) 462 (62) 


* median (25th to 75th percentile); ' data available on 1,104 patients (88%). 
MI = myocardial infarction. 


induced ST segment elevation was present in leads with 
pathologic Q waves and no other exercise-related ST 
changes were present. Electrocardiograms displaying 
ST- and T-wave changes at rest were considered posi- 
tive if they met either criterion 2 or 3 above. A test was 
considered negative only if the patient both achieved 
285% of the maximal predicted heart rate and did not 
meet the criteria for a positive test. All other test results 
were considered to be indeterminate. Exercise tests were 
interpreted by experienced cardiologists who were blind- 
ed to the patient’s behavioral assessment. 

Psychological testing: Type A behavior pattern was 
assessed with a structured interview, which was admin- 
istered during hospitalization for coronary angiography, 
as previously described. The interview was audiotaped 
and scored according to a standardized protocol. A ran- 
dom sample of 100 of the audiotaped interviews was 
audited under the supervision of Dr. Ray Rosenman to 
evaluate the reliability of the type A behavior assess- 
ment procedure. There was agreement on type A classi- 
fication in 83% of the cases. 

The interview scoring protocol divided subjects into 
4 categories: type Al, who displayed the strongest type 
A behavior; type A2, who displayed less type A behav- 
ior; type B; and type X, an indeterminate group.’ For 
this report, types Al and A2 were grouped together and 
classified as type A, while types B and X were grouped 
together and classified as type B. Results did not change 
when only type Al and B subjects were included in the 
analyses, or when all 4 behavior categories were includ- 
ed as an ordinal variable. 

Analyses: The Wilcoxon rank-sum test was used to 
test for differences between type A and B subjects in 
exercise time and maximum heart rate. Then, multiple 
linear regression was used to control for potential con- 
founding of these relations by age, sex, ejection fraction, 
number of significantly narrowed coronary arteries and 
presence of typical angina. Next, chi-square tests were 
used to compare the proportion of positive tests between 
all type A and B patients. Patients were then stratified 
into 2 groups depending on whether they had significant 
CAD, and chi-square tests were again performed to 
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50 (45—57)* 


16 (5-53) 


49 (43-55) 
178 (66) 

13 (4-41) 
120 (29) 


159 (39) 
76(19) 
70(17) 

103 (25) 

202 (50) 
59% 

241 (66) 


compare the proportion of positive tests between type A 
and B in the 2 groups. Finally, separate logistic regres- 
sion analyses were performed on both groups to test for 
a relation between behavior type and treadmill outcome 
while controlling for potential confounding factors. 
Based on previous work,' for patients without CAD, 
these potential confounding factors were maximum ex- 
ercise heart rate, age and sex, and for patients with 
CAD, these variables were age, sex, number of nar- 
rowed coronary vessels, maximum treadmill heart rate, 
presence of typical angina and exercise time. 

All analyses were performed 2 ways: with indetermi- 
nate treadmill tests included, and with them excluded. 
Both analyses produced similar results. Results are re- 
ported with indeterminate tests included, except for 
analyses involving sensitivity and specificity, for which 
indeterminate tests were excluded to be consistent with 
previous reports about exercise testing. All analyses 
were repeated on the subgroup of patients in whom (- 
blocker usage information was available (n = 1,104), 
while controlling for the use of a 8 blocker. The results 
were unchanged. 


RESULTS 

Of the 1,260 patients included in this study, 818 
(65%) had significant CAD, and 852 (68%) were type 
A. Aside from a minor age difference between type A 
and B, there were no significant differences between 
these 2 groups in baseline demographic or clinical fea- 
tures (Table I). 

There was no difference between type A and B in 
treadmill performance, as reflected by either maximum 
heart rate or total exercise time (Table II). Type A sub- 
jects achieved a maximum heart rate of 137 beats/min 
versus 138 for type B (p = 0.56). Type A subjects exer- 
cised for 6.0 minutes versus 6.2 minutes for type B (p = 
0.50). After controlling for potential confounding fac- 
tors, there were still no differences in either indicator of 
treadmill performance. 

Among both type A and B subjects, 36% of tread- 
mill tests were positive. The sensitivity of the treadmill 
test, defined as the proportion of positive tests among 





TABLE Il Exercise Test Performance and Outcome 
Type A 


137 (120-145)* 
6.0 (3.8-8.9) 
303 /852 (36) 
278/404 (69) 
171/196 (87) 


138 (120-146) 

6.2 (4.0-9.0) 
148 /408 (36) 
126/174 (72) 
88/110 (80) 


Maximum heart rate (beats /min) 
Exercise time (min) 

Positive tests (%) 

Sensitivity? (%) 

Specificity? (%) 


* median (25th to 75th percentile). 


t Sensitivity = positive tests / (positive + negative tests) among patients with CAD; t specificity = negative tests / (positive + negative tests) among patients without CAD. 


patients with CAD, was similar for both groups (69% 
for type A vs 72% for type B, p = 0.39). Similarly, the 
specificity of the treadmill test, defined as the propor- 
tion of negative tests among patients without CAD, was 
similar for both groups (87% for type A vs 80% for type 
B, p = 0.09). After using logistic regression to control 
for potential confounding factors, once again no signifi- 
cant differences were seen between type A and B sub- 
jects in either treadmill test sensitivity or specificity. 


DISCUSSION 
In this study, no significant association was found 
either between type A behavior and exercise test perfor- 
mance (as indicated by maximum heart rate and exer- 
cise time), or between type A behavior and treadmill 
test outcome. This negative result was unchanged after 
adjustment for the possible confounding effects of such 
factors as age, sex, severity of CAD and §-blocker use. 
Our findings differ from those of previous studies. 
Carver et al? instructed young, healthy subjects to exer- 
cise on the treadmill until exhaustion. Using oxygen 
consumption to measure exertion, they found that type 
A subjects exercised to a level that was closer to their 
aerobic capacity than did type B subjects. In contrast, 
using exercise time and maximum heart rate as mea- 
sures of exertion, we found no differences in effort dur- 
ing treadmill testing between type A and B subjects. 
Keefe et al? found a significant difference in exercise 
time between type A and B men with clinically diag- 
nosed CAD. However, in this study,*? coronary angiog- 
raphy was available to confirm the CAD diagnosis in 
only 46% of patients, and the investigators did not sta- 
tistically adjust for the severity of CAD or for demo- 
graphic factors that might potentially affect exercise 
time. In addition, Keefe et al? used the Jenkins Activity 
Survey to measure type A behavior. The Jenkins Activi- 
ty Survey and the structured interview agree on type A 
status in only 60 to 70% of subjects, and may actually 
be measuring somewhat different behavior patterns. 
Type A behavior is associated with increased sympa- 
thetic nervous system reactivity to stress, including in- 
creased blood pressure, heart rate and catecholamine 
response.?-!! These heightened physiologic responses in 
type A subjects might be expected to increase the prob- 
ability of myocardial ischemia and hence increase the 
probability of a positive ST response during exercise. 
However, in the present study, no relation was found 
between type A behavior and treadmill test outcome. 
Thus, differences between type A and B subjects in 


sympathetic nervous system reactivity do not have a 
measurable effect on treadmill test outcome. 

While this study does not demonstrate a correlation 
between type A behavior and CAD severity, previous 
research!* has shown that there is a relation between 
type A and CAD severity but that it is dependent on 
age. Type A patients have more severe CAD than do 
type B patients, but this difference is found only in 
younger patients. 

The negative findings of this study may indicate that 
the treadmill test, when performed as a diagnostic test 
for CAD, does not elicit significant behavioral differ- 
ences between type A and B patients. During the exer- 
cise test, physicians and technicians actively encourage 
patients to exercise until either their target heart rate is 
achieved or limiting symptoms develop. This strong ex- 
ternal source of motivation to perform may overwhelm 
any intrinsic differences in motivation due to type A 
behavior. 

The effect of psychological factors on exercise test 
outcome is important in relation to how diagnostic test 
sensitivity and specificity are understood and interpret- 
ed. Using Bayes’ rule, sensitivity and specificity are used 
to compute the posttest probability of disease (the prob- 
ability that a person with a given test result actually has 
the disease). For exercise testing, sensitivity and speci- 
ficity vary with the demographic and clinical character- 
istics of the population being studied.! As a result, 
improved models for computing posttest probability of 
disease may require using values of sensitivity and speci- 
ficity that have been adjusted to the characteristics of 
the population being studied.!? This study demonstrates 
that type A behavior does not need to be taken into 
account when interpreting exercise test outcome. 
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Sudden Cardiac Death Associated with Exercise: 
The Risk-Benefit Issue 


Vincent E. Friedewald, Jr., MD, and Dale W. Spence, EdD 


Although there is an overall increased risk of 


sudden cardiac death associated with physical 
exertion, the risk is small. Yet it warrants consider- 
ation by physicians and their adult patients who 
pursue exercise because, in any individual patient, 
the risk may be high. To advise patients properly 
on the risks and benefits of exercise, physicians 
should have an understanding of the risks of exer- 
cise, a strategy for patient evaluation that effec- 
tively identifies patients at risk, and a knowledge of 
appropriate exercise procedures that minimize risk. 
Patients should also know proper exercise proce- 
dures, be aware that there is some degree of risk in 
exercise, know their exercise tolerance, understand 
self-monitoring procedures, and be sensitive to pro- 
dromal symptoms. The essential feature of prudent 
exercise is a gradual progression during which an 
individual remains well within the limits of his/her 
exercise tolerance. 

(Am J Cardiol 1990;66:183-188) 
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he physician who is approached by an adult patient 
wishing to begin exercise or an exercising patient 


seeking reaffirmation of his or her efforts faces a 
classic example of risk versus benefit. The risks are the 
morbidity and mortality that may occur due to underly- 
ing, occult disease; the benefits are the suspected and 
proven physiologic and psychologic effects of exercise. 

The ultimate risk that concerns physicians caring for 
such patients is sudden cardiac death (SCD). Although 
the risk of SCD with exercise is relatively small, the fact 
that it occurs at all dictates concern. The growing evi- 
dence of the cardioprotective benefit of habitual exer- 
cise lends weight to the judgment that, in large popula- 
tion groups, the benefits outweigh the risks.'-> When 
dealing with individual patients seeking exercise guide- 
lines, however, this reasoning does not suffice, and the 
physician is wise to probe more deeply. This article in- 
tends to help physicians understand the risks of exercise, 
develop a strategy for patient assessment and counsel 
patients in general procedures of exercise and safety to 
reduce the risk of serious cardiac events. 

Increased risk of sudden cardiac death during exer- 
cise: Although some research results are conflicting be- 
cause of differences in study populations and methods 
of reporting, there is consensus that the risk of SCD is 
increased during physical exertion. However, the risk is 
generally regarded as relatively small, subject to minor 
variation in the individual interpretation of existing 
data. 

The risk experience: In a review of 22 studies of 
SCD associated with either suspected or necropsy- 
proved coronary atherosclerosis, McManus et al® con- 
cluded that a mean frequency of 11 to 15% of 8,851 
reported cases of fatal and nonfatal coronary events was 
associated with moderate and heavy exercise, respec- 
tively. They® commented that the average time spent 
in vigorous physical activities was disproportionately 
small compared to the frequency of deaths during such 
activities. 

Population-specific studies present further evidence 
of the extent of the SCD risk. Jackson et al’ estimated 
that the annual incidence of SCD associated with run- 
ning was 3.5% of all cardiac deaths in Auckland, New 
Zealand. Kala et alë reported that among a Finnish 
population of men experiencing SCD annually, 4.5% 
were engaged in strenuous or unusual physical exertion 
at the time of or immediately before SCD. Cobb and 
Weaver? reported that 11% of 316 consecutive victims 
of SCD in Seattle had collapsed during or immediately 
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after exertion or stress. Similarily, an earlier study re- 
ported that 17% of 150 sudden deaths in Miami were 
related to exertion.!° Siscovick et al!! reported an annu- 
al incidence of 0.55 SCDs/10,000 exercising men in Se- 
attle and King County, Washington. Thompson et al! 
reported 1 SCD in 7,620 joggers per year in Rhode Is- 
land. This rate was 7 times the estimated SCD rate dur- 
ing more sedentary activities. 

In the 20- to 69-year age group, Vuori!? reported a 
rate of 1 SCD in 9,909 joggers and runners and 1 
SCD/5,577 cross-country skiers annually in Finland. 
The Finnish rate for the 50- to 69-year-old group was 
greater than that of the overall group, at 1 SCD in 
5,166 joggers/runners and 1 in 508 cross-country skiers 
per year. 

Looking at SCD associated with exercise per unit of 
time, we find the following results: 1 fatality/50,000 
player-hours of rugby'*; 1 fatality/396,000 man-hours 
of jogging!*; and 1 fatality per 600,000 hours of cross- 
country skiing.!? Finally, Vander et al!> conducted a 5- 
year retrospective survey of cardiac events that occurred 
in community recreation centers. They found an occur- 
rence of 1 fatal event associated with exercise for every 
887,526 hours of participation. 

The risk-protection paradox of habitual exercise: 
Although the risk of SCD is transiently increased dur- 
ing vigorous exercise in those who regularly exercise at 
both low and high levels, regular participation in vigor- 
ous physical activity was associated with an overall re- 
duction in the risk of SCD'® (Figure 1). This paradox 
was delineated by Siscovick et al!!: the risk of SCD dur- 
ing physical activity is higher at any level of habitual 
activity than during periods of inactivity. These investi- 
gators reported that the relative risk of SCD during ex- 
ercise, compared to risk during nonexercise periods, was 
56-times greater among men with low levels of regular 
exercise. In contrast, men who engaged in the highest 
levels of habitual activity were at a 5-times greater risk 
during exercise. They further concluded that the overall 
risk for habitually vigorous men, during and between 


Cases per 10° person- 
hours at risk 


Sedentary men, 
average rate during 24 hours. 


E E E e M M A E M M 
Habitually vigorous men, average rate during 24 hours 


periods of vigorous exercise, was only 40% that of sed- 
entary men. 

Although it is agreed that there is an increased risk 
of SCD during physical exertion, the risk is probably 
offset by the cardioprotective benefits of habitual physi- 
cal activity. The question then becomes: how does the 
individual gain the desired cardioprotective benefits 
while minimizing the risk of SCD during physical train- 
ing? There is no absolute answer, but the logical first 
step is to assess the patient for risk. 

Risk assessment of the patient: It has been stated 
that it is disease, not exercise, that produces the risk for 
exercise-related death.'’ Perhaps more accurately ex- 
pressed, it is the combination of exercise and disease 
that increases the risk.!® In adults, evidence incrimi- 
nates coronary artery disease (CAD) as the overwhelm- 
ing cause of exercise-related deaths. !2:!9-23 

Figure 2 is representative of several reports on the 
causes of SCD associated with exercise in adults.”4 
Waller? examined 24 well-conditioned subjects whose 
ages ranged from 34 to 57 years. Twenty-three were 
male runners who had regularly exercised from 1 to 10 
years. None of the 24 subjects reported symptoms sug- 
gestive of CAD before beginning conditioning. How- 
ever, several men had at least 1 coronary risk factor, 
and 2 had reported transient episodes of nonspecific 
chest pain during running. The characteristics of the 
other 48 subjects were similar. 

Attempts to identify CAD in asymptomatic individ- 
uals are problematic but essential if the risk of SCD is 
to be minimized during periods of increased physical 
activity. This begins with routine cardiovascular screen- 
ing of middle-aged and older individuals.23.25:26 In the 
absence of risk factors, Levy?’ contends that a person 
can begin a gradual exercise program without further 
assessment. 

Exercise stress testing: The issue of exercise testing 
as a component in screening for CAD has received 
much attention and variable enthusiasm. Acceptance 
of exercise testing for assessing risk for SCD in an 


Rate during intense activity 
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FIGURE 1. Risk of primary cardiac arrest during vigorous physical activity and at other times, by level of habitual physical 


activity. Reproduced with permission from Siscovick et al.16 
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asymptomatic population is weakened by the percep- 
tion of a relatively low incidence of exercise-related 
deaths!2:!3.28.29 and by the predictive limitation of the 
procedure.?8:30.31 

Nonetheless, there is evidence that the predictabil- 
ity of exercise testing can be enhanced by combining 
exercise test predictors, such as chest pain, exercise 
duration, maximum heart rate attained, ventricular ar- 
rhythmias and ischemic ST-segment depression, with 
conventional risk factor predictors or other prognostic 
variables.3?34 Strategies for risk evaluation recently 
proposed by Bruce and Fisher*> offer a paradigm that 
might be useful for preparticipation assessment of mid- 
dle-aged and older individuals. 

Despite its limited sensitivity and specificity in 
asymptomatic populations, the exercise test can be a 
useful procedure in screening for CAD, particularly in 
subsets of individuals presenting significant risk factors 
or clinical findings suggestive of CAD.7!:763637 

It has been emphasized that patients who either seek 
advice about or actually request exercise testing should 
undergo an exercise test because their inquiry may sig- 
nal anxiety about symptoms that they have experienced 
but not verbalized.!3.3! Additionally, the exercise test is 
useful for establishing exercise tolerance and, therefore, 
the limits to observe when exercising.?!2837 

The Guidelines for Exercise Testing reported by the 
American College of Cardiology/American Heart As- 
sociation Subcommittee on Exercise Testing** indicate 
that exercise testing is frequently used to evaluate 2 
groups of asymptomatic men: those over age 40 with 2 
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96% (69) 
ACHD 
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or more strongly abnormal risk factors for CAD or a 
family history of premature cardiovascular disease, and 
those over age 40 who are sedentary and intend to begin 
a vigorous exercise program. 

Preassessment of this sort may be a factor in risk 
reduction, as shown by Gibbons et al.!8 They found 2 
nonfatal cardiac events over a 65-month period during 
374,798 person-hours of exercise in a study group that 
underwent a cardiovascular screening examination and 
exercise testing before participation. 

Evaluation of prodromal symptoms: Some authori- 
ties emphasize the importance of physicians evaluat- 
ing prodromal symptoms.?!?336 Because prodromal 
symptoms presaged death in a large number of subjects 
who experienced SCD associated with exercise!??? and 
among those who survived cardiac arrest,*’ this is an 
important consideration in the evaluation of those be- 
ginning exercise or already exercising. Table I summa- 
rizes the prodromal symptoms reported by 45 subjects 
within 1 week of their exercise-related SCD. More than 
1 symptom was reported by 16 of the 45 subjects. Only 
9 of the 45 subjects with prodromal symptoms consulted 
a physician. It has been observed that athletes and oth- 
ers who regularly exercise tend to deny prodromal 
symptoms, because they sometimes believe that their 
enhanced physical condition renders them immune to 
cardiac disease.!%:22,26,36,40 

Self-monitoring during exercise: It is important that 
individuals who exercise become sensitive to their physi- 
cal response to exercise. Personal monitoring of heart 
rate, exertion effort, breathlessness, sweating and symp- 
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FIGURE 2. Summary of cardiac autopsy findings in 72 well-conditioned subjects in whom sudden death occurred. Reproduced 


with permission from Waller.?4 
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TABLE I Prodromal Symptoms Reported by 45 Subjects 
Within 1 Week of Their Sudden Death 


Symptom 


Chest pain /angina 

Increasing fatigue 

Indigestion /heartburn /gastrointestinal symptoms 
Excessive breathlessness 

Ear or neck pain 

Vague malaise 

Upper respiratory tract infection 

Dizziness / palpitation 

Severe headache 


Adapted with permission from Northcote et al.?? 


toms suggestive of myocardial ischemia is important to 
avoid conditions that may contribute to the risk of SCD 
associated with exercise.”° 

The watchword in exercise: Adults must accept that 
the watchword in exercise is prudence. Perhaps most 
importantly, prudence calls for gradual progression in 
intensity and duration while still remaining well within 
individual physical limits that are determined by the in- 
teraction of genetic endowment and physiologic adapta- 
tion. 

Exercise prescribed on an individual basis: The op- 
timum exercise to achieve a favorable risk-benefit ratio 
has not been determined. Specific global recommenda- 
tions for optimum type, intensity, duration, frequency 
and progression of exercise are dangerous due to the 
wide range of factors entering into such advice on an 
individual basis. Therefore, our approach here is to pro- 
vide recommendations for exercise that are both safe 
and efficacious, from the direction of general principles 
and guidelines. In addition, guidelines for counseling 
healthy adults engaged in physical activity have been 
recently published elsewhere.*! 

Gradual progression and type of exercise: The 
gradual progression of physical conditioning is a process 
of laying 1 foundation on another. Physical conditioning 
should begin with activities that have the greatest po- 
tential to improve cardiorespiratory endurance gradual- 
ly, reduce CAD risk factors, allow a constant intensity 
and provide the greatest precision in controlling exer- 
cise effort. These kinds of activities are represented 
primarily by brisk walking, jogging, swimming and cy- 
cling. Such endurance activities may be performed ei- 
ther continuously or discontinuously (the latter inter- 
spersed with periods of rest during a single exercise pe- 
riod). 

Sports and games represent another general class of 
exercise activities that offer differing degrees of physical 
benefit. In contrast to endurance activities, sports and 
games are characterized by variable exercise intensity 
because of the sudden bursts of effort inherent in most 
of them. Control of exercise effort during participation 
in sports and games is less precise than during endur- 
ance exercise. Also, sports and games add the dimension 
of competition, especially in individual sports where 
there is the element of personal rivalry. Therefore, some 
of these activities have the potential to draw partici- 
pants into exertion and excitement levels that produce 
marked increases in myocardial oxygen demand.* 
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However, the intrinsic enjoyment and variety of sports 
and games render them more palatable than a repetitive 
diet of endurance activities that may produce exercise 
recidivism over time. 

Competitive sports that require sudden, high-exer- 
tion, combined arm and leg activity, such as squash, 
have resulted in a notable incidence of SCD.2?:43.44 
Symptomatic individuals and those at risk or with overt 
disease should avoid sports and games that have the po- 
tential for competition, momentary or prolonged high- 
exertion levels or combined arm and leg exercise that 
exceeds moderate exertion during peak play. 

Since there is evidence that people become less sus- 
ceptible to SCD if they exercise regularly, 145 it would 
seem that exercise should not be proscribed for individ- 
uals at risk for SCD. However, prudence dictates that 
the focus of exercise should be on mild-to-moderate ac- 
tivities of the endurance type. 

Initial stage of conditioning: All adult patients who 
have been previously sedentary and wish to begin exer- 
cise should undergo initial physical conditioning in en- 
durance-type activities at a level of effort that is consid- 
ered a conservative percentage of their functional ca- 
pacity as determined by an exercise tolerance test. They 
should begin with an initial duration of 10 to 15 min- 
utes of either continuous or discontinuous activity each 
exercise period, 3 or more days per week.*® 

This initial period of exercise can be the time of 
highest risk.!!-37 The increased metabolic demand of ex- 
ercise creates new and unusual stress on systems that 
are unprepared. It is essential that a gentle progression 
be observed both during the initiation of an exercise 
program and throughout all subsequent stages. 

The initial period of conditioning is usually 4 to 6 
weeks for those who have better than average functional 
capacity and are not at apparent risk. During this time, 
the duration of each exercise period should be gradually 
increased to 30 minutes. Individuals whose functional 
capacity is less than average or who are symptomatic, at 
risk for SCD or with overt disease, may need >10 
weeks in the initial stage of conditioning. For adults 
who have a high functional capacity and are not at ap- 
parent risk, it may not be necessary to undergo the usu- 
al period of initial conditioning.** However, it should be 
emphasized that even a middle-aged person who has 
been regularly exercising at high volume for several 
years may be at risk for exercise-related SCD. !2:!9-23.47 

Habitual, mild exercise: With evidence of risk in a 
regularly exercising patient, the physician should coun- 
sel the patient to adopt a program of sensible exercise 
effort of reasonable duration and frequency. For moder- 
ate- or high-risk patients** whether presently exercising 
or not, the physician may choose to direct the patient 
toward habitual leisure-time activities of mild effort as a 
possible strategy for reducing cardiac risk factors. This 
plan encourages the blending of habitual, mild physical 
activity—such as pleasure walking, gardening, yard 
work, easy cycling and low intensity recreational sports 
or social activities—into leisure-time pursuits. If regular 
and sufficient in volume, there is indication that even 
these mild physical activities will reduce cardiac risk 
factors and cardiac events.4950 





The improvement stage of conditioning: After the 
initial exercise conditioning phase, persons who are not 
at apparent risk may begin to progress at a faster rate 
to achieve a higher level of cardiorespiratory endurance 
and possibly greater cardioprotective benefits.!' Wheth- 
er repeat exercise testing is necessary at this point is 
subject to clinical judgment. During this phase, the ex- 
ercise effort may be increased to a more vigorous level 
that represents a less conservative percentage of the in- 
dividual’s functional capacity than during the initial 
conditioning phase. Symptomatic persons, those at risk 
for SCD or those with overt disease may be better 
served by discontinuous endurance exercise at first and 
should not increase their exercise effort until achieving 
20 to 30 minutes of continuous duration without symp- 
toms. The period of increasing improvement in cardio- 
respiratory endurance may last as long as 6 months.*° 

The maintenance stage of conditioning: The final 
stage of exercise conditioning maintains the satisfac- 
tory level of cardiorespiratory conditioning previously 
achieved. For persons who present no apparent risk, it 
would be appropriate to begin substituting physical ac- 
tivities such as sports and games of equivalent exertion 
levels into the exercise routine. Realistic goals for life- 
time physical maintenance that include such enjoyable 
activities may enhance long-term commitment to regu- 
lar exercise.“ However, long-term maintenance should 
also include endurance activities as part of the exercise 
program. 

Environmental factors and increased risk of sudden 
cardiac death: High temperatures and humidity elicit a 
greater cardiovascular response to a given submaximal 
exercise effort, thereby increasing the cardiac demand. 
Therefore, it is important that persons at risk for SCD 
perform exercise or physical activities of daily living in 
moderate temperature and humidity conditions. If envi- 
ronmental control is not possible, the exercise effort 
should either be substantially reduced* or avoided alto- 
gether. 

Although heat and humidity create the major envi- 
ronmental stress on the cardiovascular system, exces- 
sively cold temperatures also add to stress on the cardio- 
vascular system during exercise. Under cold conditions, 
there is reflex constriction of cutaneous vessels leading 
to an increase in systemic vascular resistance. More- 
over, mouth breathing of cold air during exercise may 
stimulate the tracheal nerves, inducing a reflex vasocon- 
striction of the coronary arteries. In addition, the more 
shallow breathing caused by cold temperature reduces 
venous return and, in turn, stroke volume.>! 

Increased altitude also reduces oxygen transport and 
increases the cardiovascular response to a given sub- 
maximal exercise effort, thereby increasing the cardiac 
demand. At altitudes of >1500 m or 5000 feet, the ex- 
ercise effort should be substantially reduced for those 
not acclimatized.* 

High-tension muscular contractions and exercise 
stress: High-tension muscular contractions produce an 
increased pressure load on the left ventricle—a factor 
that determines the myocardial oxygen demand.°** The 
natural tendency of breath-holding and straining during 
high-tension muscular contraction produces major he- 


modynamic changes that may be perilous to susceptible 
individuals.** Because the physical activities of daily liv- 
ing demand varying degrees of muscular effort, these 
situations would be difficult to avoid completely. Yet 
lifting a weight that produces notable strain should be 
avoided by persons at risk for SCD. When exercising 
with resistive apparatus, the emphasis should be on dy- 
namic, low-tension muscular contractions and exhala- 
tion during effort.* 

Increased risk in an anaerobic state: Exercise effort 
that produces an anaerobic state is inappropriate for 
persons at risk for SCD. An anaerobic state produces a 
disproportionate increase in catecholamine levels*’ that 
increase the sympathetic drive of the heart and may 
precipitate arrhythmias. In certain persons, an anaero- 
bic state also produces a disproportionate increase in 
systolic blood pressure during exercise that may sub- 
stantially increase the myocardial oxygen demand.°? 

Abruptness in beginning and ending exercise: 
Abruptness in beginning and ending physical activity in- 
creases the risk of SCD in susceptible persons. Sudden 
strenuous exercise without warming up has produced 
abnormal electrocardiographic responses°*° and left 
ventricular function.°° Everyone should begin exercise 
with a gradual transition from a resting to an active 
state. The transition should observe an extended warm- 
up period that includes flexibility exercises and low-level 
exercise of the type to be eventually done at increased 
effort. The period after exercise also can be critical.°’ 
Postexercise pooling of blood in lower-extremity vascu- 
lar beds and cutaneous vessels diminishes the end-dia- 
stolic volume; abrupt cessation of exercise results in a 
precipitous decrease in systolic blood pressure; and cate- 
cholamine levels are substantially elevated after exer- 
cise. Consequently, these factors create a potential for 
coronary artery insufficiency and arrhythmias.*4°* An 
extended transition period from active exercise to a rest- 
ing state is essential. This should include a cooling down 
period of gradually decreasing exercise effort that con- 
tinues through light activity and finishes with flexibility 
exercises best done in a reclining position. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Cost of Catheter Versus Surgical Ablation 
in the Wolff-Parkinson-White Syndrome 


Michael de Buitleir, MD, Edward L. Bove, MD, Stephen Schmaltz, MPH, Alan H. Kadish, MD, 
and Fred Morady, MD 


In this retrospective study of 22 patients with the 
Wolff-Parkinson-White (WPW) syndrome, the cost 
of catheter ablation in 11 patients was compared 
with that of surgical ablation in another 11 pa- 
tients. All patients in the catheter ablation group 
had a posteroseptal accessory pathway; in the sur- 
gical group, 5 patients had a left lateral accessory 
pathway, 3 had a left lateral and posteroseptal ac- 
cessory connection and 3 had a right-sided path- 
way. Catheter ablation was successful in 8 of 11 
patients (73%). In the surgical group, the accesso- 
ry pathway was interrupted successfully in all pa- 
tients (100%). The mean duration (+ standard de- 
viation) of hospitalization was 6 + 2 days in the 
catheter ablation group and 8 + 4 days in the sur- 
gical group. The mean cost/patient, expressed in 
1988 dollar values, was $14,116 + 4,493 in the 
catheter ablation group and $34,175 + 5,434 in 
the surgical ablation group (p <0.0001). The mean 
time lost from work or school was 10 + 5 days in 
the catheter ablation group and 60 + 16 days in 
the surgical group (p <0.01). Catheter ablation is 
significantly less expensive than surgical ablation 
of accessory pathways. Assuming that all patients 
in whom catheter ablation is unsuccessful subse- 
quently undergo successful surgical ablation, the 
mean cost of definitive therapy in the catheter abla- 
tion group ($24,382 + 4,741) is still significantly 
lower than the cost in the surgical group ($34,175; 
p <0.001). An additional economic advantage of 
catheter ablation is that the mean time lost from 
work or school is 10 days compared to 60 days 
with surgical ablation. 

(Am J Cardiol 1990;66:189-192) 
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Parkinson-White (WPW) syndrome require de- 

finitive therapy for their condition because of 
intractable symptoms or intolerance to medications. In 
addition, the majority of patients with the WPW syn- 
drome are young and otherwise healthy and a definitive 
ablation procedure offers them the possibility of a com- 
plete cure from a potentially life-threatening condition. 
Catheter ablation has been demonstrated to be an effec- 
tive therapy for interrupting posteroseptal accessory 
pathways! and surgery is highly effective for all acces- 
sory pathways.** Prior studies have examined the re- 
sults of catheter ablation?» and surgical ablation** for 
the WPW syndrome but no studies to date have per- 
formed a direct cost comparison of the 2 modes of ther- 
apy. We compared the overall cost of catheter and sur- 
gical ablation in patients with the WPW syndrome. 


A considerable number of patients with the Wolff- 


METHODS 

Study design: This was a retrospective study of 22 
consecutive patients who underwent either catheter ab- 
lation or surgical ablation for the treatment of the 
WPW syndrome between 1984 and 1988 at the Univer- 
sity of Michigan Medical Center. Case records were re- 
viewed and the following patient data were extracted; 
age, sex, location of the accessory pathway, duration of 
hospital admission after the index ablation procedure 
and associated complications. In all patients the day of 
the procedure was regarded as day 1 for the calculation 
of costs. Assessment of success or failure of the proce- 
dure was made at the time of hospital discharge. 

Catheter ablation: Eleven patients aged 15 to 56 
years (mean + standard deviation 34 + 13; 6 men) un- 
derwent catheter ablation. Each patient underwent a 
thorough electrophysiologic evaluation that demon- 
strated the typical features of the WPW syndrome.’ All 
the patients in the catheter ablation group had a pos- 
teroseptal accessory pathway and all provided informed 
consent to undergo the procedure. The technique used 
for posteroseptal ablation at this institution has been de- 
scribed in detail previously.2 After the procedure the pa- 
tients were admitted to the coronary care unit for 24 to 
48 hours of intensive cardiac monitoring. Subsequently, 
patients were observed in the stepdown cardiac unit for 
another 3 to 4 days before discharge from hospital. All 
patients had 3 serial cardiac enzyme determinations 
performed within the first 24 hours to detect myocardial 
damage. Daily 12-lead electrocardiograms were per- 
formed during the first few days and on the day of hos- 
pital discharge. All patients had a resting equilibrium- 
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gated radionuclide ventriculogram, a technetium-99m 
pyrophosphate scan, a cross-sectional echocardiogram 
and a 24-hour ambulatory electrocardiogram performed 
during their hospitalization. Five of the catheter abla- 
tions were performed in 1988, 3 were performed in 
1987, 2 in 1985 and 1 in 1984. 

Catheter ablation was completely successful in 7 of 
11 patients and partially successful in 1 other patient, 
yielding an overall success rate of 73%. The mean num- 
ber of shocks that each patient received was 2.4 + 0.7 
and the mean stored energy of each shock was 258 + 51 
J. The mean cumulative energy/patient was 613 + 223 
J. In the 7 patients with complete success the delta 
waves on the 12-lead electrocardiogram were abolished 
by the procedure and reentrant tachycardia could no 
longer be induced. Success was achieved in 6 of these 7 
patients (Table I; patients 2, 3, 5, 6, 8 and 10) after 2 
shocks at the first catheter ablation session. In the sev- 
enth patient (1), success was achieved after another 2 
shocks at the second catheter ablation session. In the 1 
patient with a partial success, the delta waves recurred 
within 48 hours; at a follow-up electrophysiology test, 
orthodromic reciprocating tachycardia was inducible 
but the rate was 160 beats/min, compared to 210 
beats/min in the baseline state. A second attempt at 
catheter ablation was not undertaken in this patient be- 
cause of the inability to recanulate the coronary sinus. 
The mean length of hospitalization in the catheter abla- 
tion group was 6 + 2 days. 

The only procedural complication was acute pericar- 
dial tamponade in 1 of the 3 patients in whom catheter 
ablation was unsuccessful. This was drained percutane- 
ously and the patient was stabilized without recourse to 
emergent surgery. Subsequently, the patient underwent 
successful surgical ablation. No patient died from the 
attempt at catheter ablation. 

Surgical ablation: Eleven patients aged 17 to 55 
years (mean 31 + 13; 9 men) underwent surgical abla- 
tion. All patients underwent a thorough preoperative 
electrophysiologic evaluation; 5 were found to have a 
left lateral accessory pathway, 3 had a left lateral and 
posteroseptal accessory pathway and 3 had a right-sided 
accessory pathway. 

The technique used for the operative ablation of ac- 
cessory atrioventricular connections in the WPW syn- 
drome has been described in detail previously.? Surgical 
ablation was successful in all 11 patients (100%). The 
mean duration of hospitalization was 8 + 4 days in the 
surgical ablation group; this was not significantly differ- 
ent from the value of 6 + 2 days in the catheter ablation 
group. Minor complications occurred in 2 patients and 
consisted of a persistent serous drainage from the medi- 
an sternotomy wound in 1 patient and transient atrio- 
ventricular block and atrial fibrillation in a second pa- 
tient. Ten of the 11 surgical ablations were performed 
in 1988 and 1 was performed in 1987. 

Cost analysis: In this study the day of the ablation 
procedure was regarded as day 1 for the calculation of 
costs and all expenses incurred before that date were 
excluded from the analysis. This method of analysis was 
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TABLE I Cost of Catheter Ablation and Duration of 
Hospitalization in 11 Patients 


Total 
Charge ($) 


Hospital 
Stay (days) 


Physician 
Charge ($) 


Hospital 
Pt Charge ($) 


15,463 
8,624 
6,294 
8,300 
6,028 
8,820 
7,778 
9,036 

13,734 
5,909 
5,099 
8,644 
3,254 


SD = standard deviation. 


TABLE Il Approximate Annual Inflation Rates in Hospital and 
Physician Charges at the University of Michigan Medical 
Center Between 1984 and 1988 
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Inflation Rates 


Physician 
Fees (%) 


Hospital 
Charges (%) 


TABLE III Cost of Surgical Ablation and Duration of 


Hospitalization in 11 Patients 


Total 
Charge ($) 


Hospital 
Stay (days) 


Hospital 
Pt Charge ($) 


Physician 
Charge ($) 


19,623 
36,096 
21,176 
29,126 
20,556 
21,237 
31,236 
22,793 
23,039 
10 23,719 
11 22,368 
Mean 24,633 

SD 5,218 


SD = standard deviation. 
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adopted in an attempt to make the 2 groups as compa- 
rable as possible and to exclude all costs that were not 
directly related to the ablation procedure. 

The total cost was determined based on the direct 
cost to the patient of the ablation and subsequent hospi- 
talization. The direct cost of the ablation procedure was 
calculated by combining data from 2 sources. The pa- 
tient accounts department provided the total hospital 
bill that each patient received; this included charges for 
room and board, use of the operating room and electro- 
physiology laboratory, x-rays and blood tests. The inde- 
pendent physician associate groups within the medical 
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center (e.g., internal medicine, thoracic surgery, an- 
esthesiology and radiology) provided data regarding 
physician fees. 

To allow a direct comparison between the 2 groups, 
all the cost data in the study were adjusted to 1988 dol- 
lar values. The hospital charges were adjusted using the 
average annual inflation rate for salaries and commod- 
ities at the University of Michigan Medical Center (Ta- 
ble II). The inflation correction factor for physician fees 
was obtained from the Physicians Services Index of the 
Consumer Price Index using the 3-month period Febru- 
ary through April (Table II). 

An adjusted estimate for the mean cost of therapy in 
the catheter ablation group was derived by calculating 
the projected cost of additional surgical therapy in pa- 
tients with unsuccessful catheter ablation. This was nec- 
essary because the 3 patients in whom catheter ablation 
was unsuccessful later would have required surgery for 
definitive therapy. 

An estimate of the indirect cost was obtained by ex- 
amining the time that each patient lost from work or 
school as a result of the procedure. These data were 
obtained retrospectively by means of telephone inter- 
views with each of the patients. An estimate of lost in- 
come as a result of time lost from work was made using 
the most recent average annual per capita personal in- 
come in the United States of $15,495.’ 

Statistical analysis: The unpaired Student ¢ test was 
used to compare all the cost data and the Wilcoxon 
rank sum test was used to compare the time lost from 
work in the 2 groups. An approximate variance for the 


adjusted cost of successful therapy in patients with un- 
successful catheter ablation was derived using the prop- 
agation of error formulas.’ A p value <0.05 was consid- 
ered significant and all data are expressed as mean + 1 
standard deviation. 


RESULTS 

Direct costs: In this group of 22 patients, the total 
cost of catheter ablation, $14,116 + 4,493, was signifi- 
cantly lower than the cost of surgical ablation, $34,175 
+ 5,434 (p <0.0001) (Tables I and III). In the catheter 
ablation group, hospital charges made up 61% and 
physician fees 39% of the total cost. In the surgical ab- 
lation group hospital charges accounted for 72% and 
physician fees 28% of the total cost. 

The mean hospital charge in the catheter ablation 
group, $8,644 + 3,254, was significantly lower than the 
hospital charge in the surgical ablation group, $24,633 
+ 5,218 (p <0.0001). Further analysis of the total hos- 
pital charge in the surgical ablation group revealed that 
85% of the cost was related to the use of the operating 
room or intensive care facilities. The mean physician fee 
of $5,472 + 1,517 in the catheter ablation group was 
also significantly lower than the value in the surgical 
group, $9,542 + 628 (p <0.0001). The total physician 
fee in the surgical group was composed of the surgeon’s 
fee (54.7%), the cardiologist/electrophysiologist’s fee 
(31.5%), the anesthetist’s fee (13.2%) and the radiolo- 
gist’s fee (0.6%). The physician charge in the catheter 


ablation group consisted almost entirely of the cardiolo- 
gist /electrophysiologist fee. 

Projected cost of successful therapy in patients 
with unsuccessful catheter ablation: Assuming that 
each of the patients in whom catheter ablation was inef- 
fective then underwent surgical ablation, the adjusted 
estimate of the mean cost of successful therapy in the 
catheter ablation group would be $24,382 + 4,741. This 
is 28% lower than the mean total cost of $34,175 + 
5,434 in the surgical ablation group and the difference 
is highly significant (p <0.001). 

Return to work or school: Complete data regarding 
return to work or school were available for all patients 
in the catheter ablation group. The mean time lost from 
work because of the procedure was 10 + 5 days. Com- 
plete data were available for all but 1 of the patients in 
the surgical ablation group and the mean time lost from 
work or school because of the procedure was 60 + 16 
days. The difference between the 2 was significant (p 
<0.01). The projected loss of wages/patient in the cath- 
eter ablation group was $424, compared to $2,547 in 
the surgical ablation group. 


DISCUSSION 

Catheter versus surgical ablation: This study dem- 
onstrates that surgical ablation is significantly more ex- 
pensive than catheter ablation for definitive treatment 
of the WPW syndrome. The higher cost of surgical ab- 
lation is due to higher physician fees and hospital charg- 
es, especially the latter. A large part of the increased 
cost of hospitalization in patients undergoing surgical 
ablation results from operating room and intensive care 
related charges. For obvious reasons, these costs are not 
incurred in the majority of patients undergoing catheter 
ablation and this factor contributes appreciably to the 
lower cost of the catheter method. Even if due allow- 
ance is made for patients who fail catheter ablation to 
undergo surgery, the total cost of catheter ablation is 
still considerably lower than that of surgical ablation. 

The success rate of catheter ablation in interrupting 
accessory pathways is approximately 70%.* This com- 
pares with a success rate approaching 100% in recently 
published surgical series.*+ Patients in whom catheter 
ablation fails, however, can subsequently undergo surgi- 
cal ablation with the same expectation of success as pa- 
tients who have never undergone an attempt at catheter 
ablation. Thus, a failed catheter ablation does not limit 
a patient’s options in relation to surgery at a later time. 

To date, catheter ablation has been used almost ex- 
clusively to ablate posteroseptal accessory pathways, 
which account for about 33% of all accessory atrioven- 
tricular connections. In contrast, surgical ablation is 
equally effective at interrupting accessory pathways at 
all locations within the heart. In a recent study,? Warin 
et al reported that the catheter technique can be used 
successfully to ablate accessory pathways at multiple lo- 
cations within the heart. However, this procedure is 
technically difficult and in many cases involves more 
than 1 session in the cardiac electrophysiology laborato- 
ry. Therefore, the cost analysis outlined in the present 
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report cannot be extrapolated to catheter ablation of 
free-wall accessory pathways. 

Return to work: One of the notable findings of our 
study is that patients who undergo catheter ablation are 
able to resume normal activities soon after discharge 
from the hospital. This contrasts with surgical ablation, 
which is associated with greater morbidity and the need 
for a longer convalescent period. Although the resulting 
cost saving demonstrated in our study seems relatively 
small, we may have underestimated this factor by bas- 
ing our calculations on the average per capita personal 
income in the United States. At any rate, the indirect 
cost saving from rapid return to full-time employment 
after catheter ablation represents an additional econom- 
ic advantage of this procedure. 

Duration of hospitalization: The mean length of hos- 
pitalization for the 2 procedures was similar in our 
study. However, there was a tendency for the length of 
hospital stay in the catheter ablation group to be shorter 
with the more recent procedures. Because catheter abla- 
tion is still regarded as investigational, all patients in 
our study were monitored intensively and had a variety 
of costly investigations performed during their admis- 
sion. However, many of these investigations may no 
longer be appropriate today and our current practice 
differs from that described in this study. For example, a 
patient who underwent catheter ablation of a postero- 
septal accessory pathway in November 1989 was dis- 
charged from the hospital after 3 days. During his ad- 
mission he was monitored in the step-down cardiac unit 


and relevant investigations included determination of se- 
rial creatine phosphokinase-MB fractions, a resting and 
24-hour ambulatory electrocardiogram and an echocar- 
diogram. He returned to work the day after discharge 
from the hospital and lost only 3 days from work. The 
total cost was $10,223, which is less than 33% of the 
cost of surgical ablation. 
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In conclusion, for patients with a posteroseptal ac- 
cessory pathway who require definitive therapy, it is 
cost effective to offer catheter ablation as the initial 
therapy of choice. This method has a 70% chance of 
success and results in substantial direct and indirect re- 
ductions in cost. Although the cost factor is neither the 
first nor the only issue that should influence clinical de- 
cision-making, in the present climate of financial strin- 
gencies within the health care industry, it is a significant 
consideration. For the minority of patients in whom 
catheter ablation is ineffective, surgical ablation can be 
performed at a total cost that is still substantially less 
than if surgical ablation were the primary therapy in all 
patients. 
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Benefits of Physiologic Atrioventricular 
Synchronization for Pacing 
with an Exercise Rate Response 
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Although the loss of atrioventricular (AV) 
synchronization may diminish resting cardiac out- 
put, previous studies have not shown any impact on 
exercise capacity as long as an exercise rate re- 
sponse is present. To test the impact of suboptimal 
atrial activation during treadmill exercise, 12 pa- 
tients with normal sinoatrial node function and dual 
chamber pacemakers were evaluated in pacemaker 
modes with normal AV intervals allowing maximal 
atrial contribution to ventricular filling and with the 
shortest programmable nonphysiologic AV delay. 
During a double-blinded randomized crossover pro- 
tocol, exercise performance was improved with 
physiologic AV filling in comparison with non- 
physiologic AV filling: (1) mean increase in exercise 
time was 16 + 16% (mean + standard deviation) (p 
<0.05); (2) time to anaerobic threshold was in- 
creased by 23 + 28% (p <0.05); and (3) the level 
of perceived exertion during comparable stages of 
exercise was decreased. In 3 patients, exercise 
time was greater by >35% in the physiologic AV 
filling mode. Resting echo-Doppler parameters of 
left atrial and ventricular function did not predict 
benefit from AV synchronization during exercise. 
During exercise with rate-responsive pacing an ap- 
propriate AV relation is beneficial, and in a subset 
of patients this benefit may be striking. 

(Am J Cardiol 1990;66:193-197) 
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ments in pacing have occurred.'! Dual-chamber 
pacemakers restore the atrioventricular (AV) 
relation and allow exercise rate increases in patients 
with normal sinus node activity. More recently, rate- 
responsive single-chamber pacemakers using biologic 
sensors have been developed, allowing chronotropic re- 
sponses in all patients, even those with atrial fibrillation. 
Provision of a chronotropic response during exercise has 
been shown to augment cardiac output and exercise ca- 
pacity.” The advantages of maintaining AV synchroni- 
zation during exercise are less clear. Prior studies in 
patients with primarily complete heart block and rate- 
responsive pacemakers have indicated that AV synchro- 
nization does not significantly improve exercise ca- 
pacity.?-6 
We hypothesized that, analogous to the pacemaker 
syndrome that develops at rest in a subset of patients 
who lose AV synchronization after placement of VVI 
pacemakers,” there may be a subset of patients who will 
have decreased exercise tolerance with suboptimal AV 
synchronization even if rate response is preserved. We 
therefore evaluated patients exercising on the treadmill 
programmed to rate-responsive pacing modes that ei- 
ther optimized or minimized atrial contribution to ven- 
tricular filling. 


DE the last 3 decades, remarkable improve- 


METHODS 

Patient selection: Patients with a dual-chamber 
pacemaker and a normal sinus node response to exercise 
were screened for participation. Patients were not con- 
sidered candidates if they had unstable angina, claudi- 
cation or symptoms of congestive heart failure or were 
unable to walk on a treadmill. Fourteen patients were 
selected and informed consent was obtained using a pro- 
tocol approved by the Committee on Human Research 
of the University of California, at San Francisco. One 
patient was excluded because of ischemic changes oc- 
curring during his first treadmill test. A second patient 
was excluded because of the development of 2:1 AV 
block at his upper rate limit. The remaining 12 patients 
(8 men, 4 women; aged 64.3 + 14.8 years) were exer- 
cised with an AV delay that maximized the atrial con- 
tribution to ventricular filling, and with the minimum 
possible programmed AV delay. Their clinical charac- 
teristics are summarized in Table I. 
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TABLE I Clinical Features 
Age (yr) & Sex 


Pacemaker 


Cordis 233 
Medtronic 7006 


Medtronic 7005 


Siemens 674 
Intermedics 283-01 


Intermedics 283-01 
Pacesetter 283 
Pacesetter 283 
Cordis 415 


Cordis 415 


Cordis 415 
Cordis 415 


Cardiac History Cardiac Drugs 


CAD; AVB 
CAD; AVB 


Diltiazem 
Propafenone, 
diltiazem 

Carotid sinus Amiodarone 
hypersensitivity 

SH; AVB Hydrochlorothiazide 

Ectopic AT 0 

His Ab; AVB 

CAD; SSS 0 

AVB 0 

SSS Digoxin 

SSS Digoxin, clonidine, 
verapamil 

Captopril, digoxin, 
furosemide 


CAD; SSS 


CAD; AVB 
SSS 


0 
0 


AV Delay (ms) Peak HR (beats /min) % Change 


Protocol AVDmin AVDmax 


Balke 
Balke 
Balke 
Balke 
Bruce 
Balke 
Balke 
Mod Bruce 
Balke 
Mod Bruce 
Mod Bruce 
Mod Bruce 


AVDmin 


CC ene 


AVDmax Tm Time 


AT = time to reach anaerobic threshold; AV = atrioventricular: AVDmax = atrioventricular delay programmed to provide optimal atrial contribution to ventricular filling; AVOmin = 
atrioventricular delay programmed to shortest possible interval to provide nonphysiologic atrioventricular filling; HR = heart rate; Mod = modified; NS = difference not significant; 
SD = standard deviation; Tm Time = total time on the treadmill; VO>-AT = oxygen consumption at the time the anaerobic threshold was reached: % change = percentage change in 


the AVDmax mode compared to the AVDmin mode. 


Exercise treadmill protocol: At 1-minute/stage, the 
symptom-limited Balke exercise treadmill protocol was 
used in 7 patients.*.? Four patients, unable to walk at a 
3.3 mph pace, were exercised according to a modified 
Bruce protocol, and 1, a highly trained athlete, was ex- 
ercised according to a standard Bruce protocol.!° 

Two exercise studies were performed, each with the 
pacemaker programmed to the rate-responsive AV syn- 
chronous (DDD) mode. In one, an AV interval of 150 
ms (or as close as programming allowed) was chosen to 
establish physiologic AV synchronization (AVDmax 
mode). In the other, an AV interval was set to the mini- 
mum that programming would allow, to minimize atrial 
contribution to left ventricular filling (AVDmin mode). 
The minimum programmable AV delay varied from 0 
to 75 ms (mean + standard deviation 30 + 29) depend- 
ing on the manufacturer and type of pacemaker. All 
other programmed variables were the same. The pacing 
mode of the first exercise study was randomly deter- 
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mined by a coin flip. Patients were programmed to their 
new pacemaker settings more than 15 minutes before 
exercise on the treadmill, to allow hemodynamic equili- 
bration. The second study was performed in the previ- 
ously untested pacing mode after a 1.5- to 2-hour rest 
period. Both the patient and the physician interacting 
with the patient during the exercise tests were blinded 
to the pacing mode being used. Noninvasive blood pres- 
sure, heart rate and the electrocardiogram were moni- 
tored by a second physician who was aware of the pa- 
tient’s programmed mode. Perceived exertion during ex- 
ercise was assessed every 2 minutes by a numerical 
grading system, scaled from 6 (low intensity) to 20 (vo- 
litional maximum).!! 

Respiratory monitoring was performed in 11 pa- 
tients using the SensorMedics 4400 Metabolic Mea- 
surement Cart, which performed breath-by-breath anal- 
ysis of minute ventilation, oxygen uptake and carbon 
dioxide output. Peak oxygen uptake and oxygen uptake 





at the anaerobic threshold were determined for each ex- 
ercise test. Noninvasive assessment of anaerobic thresh- 
old was determined by a blinded observer. 

Quantitative 2-dimensional echocardiograms and 
Doppler examinations of mitral inflow and aortic out- 
flow were performed using an Irex Meridian system. 
Patients were studied in both the AVDmax and AVD- 
min modes. Two-dimensional echocardiographic mea- 
surements were made on a Franklin 2000 light-pen digi- 
tizing system. The flow velocity integral of the mitral 
inflow early rapid filling (E) and atrial contraction (A) 
waves and aortic outflow were measured offline by a 
blinded observer using the Irex Meridian measurement 
package. 

Resting echocardiographic parameters (ejection 
fraction, left ventricular end-diastolic volume and left 
atrial size) and Doppler parameters (flow velocity inte- 
gral of the mitral inflow A wave and mitral A/E ratio) 
were measured in the AVDmax mode. Changes occur- 
ring in the Doppler signals of mitral inflow and aortic 
outflow, between the AVDmax and AVDmin modes, 
» were also evaluated. 

Data analysis: For each patient, the percentage 
change between the treadmill tests in the AVDmax and 
AVDmin modes was determined for the duration of 
treadmill exercise, anaerobic threshold, peak oxygen 
uptake and oxygen uptake at anaerobic threshold 
(AVDmax — AVDmin/AVDmin). Statistical signifi- 
cance was determined using 95% confidence intervals. 

The value of echocardiographic and Doppler vari- 


ables for predicting improvements in exercise capacity 
with AV synchronization was tested by linear regression 
analysis. All data are mean + standard deviation. 


DURATION 
OF 
TREADMILL 
EXERCISE 
(sec) 


AVDMIN AVDMAX 


PACING MODE 


FIGURE 1. Total time on the treadmill in both atrioventricular 
delay minimum and atrioventricular delay maximum modes 
are plotted for each patient. Total treadmill time increased in 
10 of 12 patients in the AVDMAX mode. 


RESULTS 

Exercise performance: Before exercise, pulse and 
blood pressure measurements did not differ significantly 
in the 2 modes. The average programmed AV interval 
in the AVDmin mode was 30 + 29 ms, and in the 
AVDmax mode was 155 + 10 ms. Findings during 
treadmill exercise are summarized in Table II. The 
heart rate at peak exercise was 139 + 17 beats/min in 
the AVDmin mode and 137 + 16 beats/min in the 
AVDmax mode. No pacemaker malfunction was noted 
in any patient in either pacing mode. Four patients con- 
ducted spontaneously through the AV node at peak ex- 
ercise in the AVDmax mode, with a mean AV delay of 
139 + 8 ms. 

Ten patients exercised longer in the AVDmax mode, 
and 2 exercised longer in the AVDmin mode (Figure 1). 
The mean increase in the duration of treadmill exercise 
was 16 + 16% (p <0.05). In 3 patients, exercise time 
increased by 235%. The mean increase in time to an- 
aerobic threshold (Figure 2) was 23 + 28% (p <0.05). 
The mean increase in oxygen consumption at the time 
of anaerobic threshold was 5.2 + 10.6% (p = 0.15). 
There were no significant differences in peak observed 
oxygen consumption or peak double product attained in 
the 2 pacing modes. Compared to the AVDmin mode at 
equivalent stages of exercise, perceived exertion in the 
AVDmax mode was less in 32 stages, equal in 6 stages 
and greater in 11 stages. 

Echocardiography: Echocardiographic measure- 
ments in the AVDmax mode are summarized in Table 
III. Ejection fraction was 50 + 10%, left ventricular 
end-diastolic volume index was 63 + 14 ml/m?, and left 
atrial index was 41 + 12 ml/m?. (Normal values in our 


TIME TO 
ANAEROBIC 
THRESHOLD 

(sec) 


AVDMIN AVDMAX 


PACING MODE 
FIGURE 2. Time to reach anaerobic threshold in both the 
atrioventricular delay minimum and maximum modes are plot- 


ted for each patient. The time to reach the anaerobic threshold 
increased in 9 of 11 patients in the AVDMAX mode. 
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laboratory are: left ventricular end-diastolic volume 
index'*—55 + 10 ml/m?, left atrial volume index!? 
—20 + 6 ml/m?.) None of the resting echocardio- 
graphic or Doppler parameters measured correlated 
with the changes in exercise capacity occurring between 
the 2 modes of pacing. The amount of mitral regurgita- 
tion observed at rest was trivial in both pacing modes. 


DISCUSSION 

The importance of atrial contraction in ventricular 
filling was recognized as early as 1628 by William Har- 
vey.'4 Atrial contraction has been shown to increase left 
ventricular filling 35 to 50%, and to increase cardiac 
output 10 to 35% during the resting state.!>-!8 

The effects of AV synchronization during exercise 
are less fully understood. Atrial contribution to cardiac 
output has been shown to vary with heart rate, duration 
of the PR interval, left ventricular end-diastolic pres- 
sure, left ventricular compliance and the mechanical ef- 
fectiveness of atrial contraction.!*-24 Previous studies, 
examining rate-responsive single- versus dual-chamber 
pacing during exercise, have not shown a significant dif- 
ference in either cardiac output or exercise tolerance.*© 
However, those studies in which individual patient data 
are reported do include some individuals who appear to 
derive a significant benefit from AV synchronization.* 

Our patients experienced an improvement in exer- 
cise capacity with AV intervals in the physiologic range 
compared to their performance with short or 0 AV in- 
tervals. There was a significant increase in the duration 
of treadmill exercise and the time required to reach an- 
aerobic threshold, as well as a decrease in the level of 
perceived exertion at comparable stages of exercise. 

Our study is unique in demonstrating a benefit from 
physiologic AV synchronization in patients exercised in 
rate-responsive modes. Previous studies compared AV 
synchronous pacing to ventricular pacing with random 
AV dissociation. In contrast, we compared AV synchro- 
nous pacing to ventricular pacing with a constant non- 
physiologic AV interval. 

Previous studies have shown that stroke volume in 
the ventricular paced mode is maintained during low- 
level exercise by a compensatory increase in cardiac 
contractility, compared to the atrial synchronous, ven- 
tricular paced mode.’ Stroke volume decreases with 
random AV dissociation, and markedly decreases with 
a constant nonphysiologic AV interval.2!262’ Cardi- 
ac reserve mechanisms may be able to compensate for 
random AV dissociation at low-level exercise. How- 
ever, with the greater hemodynamic burden imposed by 
a constant nonphysiologic AV interval, these reserve 
mechanisms may no longer be adequate, particularly at 
higher workloads. 

Retrograde atrial activation has been associated with 
an increased risk of development of the pacemaker syn- 
drome at rest in patients with VVI pacemakers.”*:2? Our 
data suggest that retrograde atrial activation, by provid- 
ing a constant nonphysiologic AV interval, also identi- 
fies those patients most likely to benefit from dual- 
chamber versus single-chamber rate-responsive pace- 
makers during exercise. 
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TABLE Ill Echocardiographic Features 
LVEDVI (ml /m?) 


EF = ejection fraction; LAI = left atrial index; LVEDVI = left ventricular end-diastolic 
volume index; SD = standard deviation. 


Our approach to the assessment of this problem has 
potential limitations. We studied short-term changes as- 
sociated with optimal AV synchronization. Prior stud- 
ies, however, have suggested that acute hemodynamic 
changes are reflective of changes seen with long-term 
pacing.303! 

We compared AV synchronous pacing in the physio- 
logic range of AV intervals to similar pacing using a 
nonphysiologic range of intervals. We did not determine 
the optimal AV interval during exercise for each indi- 
vidual patient, nor were we able to program retrograde 
atrial activation with typical VA intervals of 150 to 300 
ms. However, were we to have done either, we would 
have expected to have seen even greater differences in 
exercise capacity.*!:262/ 

At peak exercise in the AVDmax mode, ventricular 
pacing was inhibited in 4 patients due to AV nodal con- 
duction. Conflicting reports have been published regard- 
ing the hemodynamic significance of paced versus nor- 
mal ventricular depolarization.'’332 In our patients, 
there was no significant difference in results between 
those patients who had paced versus normal ventricular 
depolarization. 
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CARDIOMYOPATHY 


Usefulness of Physiologic Dual-Chamber 
Pacing in Drug-Resistant Idiopathic 
Dilated Cardiomyopathy 


Margarete Hochleitner, MD, Helmut Hértnagl, MD, Choi-Keung Ng, MD, Heide Hértnagl, MD, 
Franz Gschnitzer, MD, and Wolfgang Zechmann, MD 


The beneficial effects of physiologic dual-chamber 
(DDD) pacing in the treatment of end-stage idio- 
pathic dilated cardiomyopathy were evaluated in 
16 patients in whom conventional drug therapy had 
failed. Candidates for cardiac transplantation as 
well as patients not accepted for transplantation 
participated. During DDD pacing at an atrioventric- 
ular delay of 100 ms, left ventricular ejection frac- 
tion increased from 16.0 + 8.4 to 25.6 + 8.6% (p 
<0.001) accompanied by a striking improvement in 
clinical symptoms, such as severe dyspnea at rest 
and pulmonary edema. The New York Heart Asso- 
ciation class decreased from 3.6 + 0.4 to 2.1 + 0.5 
(p <0.001). The decrease in cardiothoracic ratio 
from 0.60 + 0.06 to 0.56 + 0.05 (p <0.001) coin- 
cided with a decrease in left atrial and right ventric- 
ular echocardiographic dimensions, indicating a de- 
crease in preload. Systolic blood pressure increased 
from 108 + 29 to 126 + 21 mm Hg (p <0.01) and 
diastolic blood pressure from 67 + 15 to 80 + 11 
mm Hg (p <0.01). Normalization of heart rate was 
achieved. No major complications developed as a 
consequence of DDD pacing. All patients could be 
discharged from the hospital within 3 weeks after 
pacemaker implantation and return to a relatively 
normal life. Within 1 year after onset of DDD pac- 
ing only 4 of the patients died (from either sudden 
death or stroke). DDD pacing could represent an al- 
ternative approach to the management of chronic 
heart failure due to dilated cardiomyopathy, espe- 
cially for heart transplant candidates and patients 
who are not accepted for cardiac transplantation, 
but no longer respond to drug therapy. 

(Am J Cardiol 1990;66:198-202) 
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cologic treatment of cardiomyopathy, the prob- 

lem of treating drug-resistant, end-stage dilated 
cardiomyopathy remains. Cardiac transplantation offers 
the possibility of improving symptoms and prolonging 
survival, yet it can only be performed in a limited group 
of selected patients, and frequently candidates die be- 
fore a donor heart can be provided.'! To overcome this 
latter problem the use of an orthotopic artificial heart or 
heterotopic prosthetic ventricle as a bridge to cardiac 
transplantation has been introduced.” Using mechani- 
cal devices as a bridge to cardiac transplantation, how- 
ever, has several risks and disadvantages, including 
infections, risk of surgery, coagulopathy, thromboembo- 
lism, prolonged intensive care and high costs. In addi- 
tion, these methods are restricted to patients who are 
selected for transplantation and can only be used as a 
temporary support. We describe the use of physiologic 
dual-chamber (DDD) pacing as an alternative approach 
in the treatment of drug-resistant idiopathic dilated car- 
diomyopathy, which is applicable to patients not accept- 
ed for transplantation and as a bridge to transplanta- 
tion. In addition, it is not temporary and has a low risk. 


D espite considerable improvement in the pharma- 


METHODS 

Selection of patients: The study group consisted of 
16 critically ill patients with chronic heart failure due to 
dilated idiopathic cardiomyopathy. Drug therapy had 
ceased to maintain adequate cardiac function in each. 
The diagnosis had been verified by angiography, echo- 
cardiography and myocardial biopsy. No patient had 
heart failure due to coronary artery disease. Clinical de- 
tails are summarized in Table I. All patients gave in- 
formed consent to participate in the study. 

Before admission to our treatment center, all pa- 
tients had been receiving drug therapy for several years 
(3.7 + 2.2 years) as outpatients. Recently (7.9 + 5.8 
months) clinical deterioration had been evident and the 
patients had repeatedly required hospital care and had 
to be referred to an intensive care unit at least once. 
Heart transplantation had been initially considered for 
all patients, but only 7 were finally accepted. The re- 
maining patients were excluded because of age or em- 
bolic disease. All patients were treated with a combina- 
tion of diuretics, digitalis and vasodilatory drugs. Con- 
verting enzyme inhibitors had to be withdrawn in 8 


» 





TABLE I Clinical Details of the Patients Before Pacemaker Implantation 


PR 
Interval Left Bundle 


Branch Block 


Extrasystoles 
(Lown Ill to IV) 


as 


+0404+4400+4+4004+0+00 
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Syncope 


Chronic Heart 
Failure 

(x-ray) 

(Oto 3+) 


Time Since 
Severe Clinical 
Deterioration 
(months) 


Time Since 
First 
Diagnosis 


(yrs) Dyspnea 


NO 


WO PMN NM FW PNP 


—_— 
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ANO 


Dyspnea: ** at rest; *** nocturnal; heart failure: ++ severe, +++ critical, including pulmonary edema; + = present; 0 = absent. 


patients because of severe hypotension. In these patients 
a continuous infusion of dopamine or dobutamine was 
required. Seven patients required antiarrhythmic drugs 
because of severe ventricular ectopic activity. Despite 
this intensive drug treatment all were in critical condi- 
tion (Table I). Severe pulmonary edema and nocturnal 
dyspnea were present in most of the patients. Without 
further interventions the condition of these patients ap- 
peared to be hopeless. Before pacing all patients were in 
sinus rhythm, but during 24-hour Holter or in-hospital 
telemetry monitoring, periods of ventricular ectopic ac- 
tivity (Lown grade 3 to 4) were recorded. Patients with 
episodes of atrial fibrillation were not included in this 
study. 

Pacemaker implantation: Physiologic dual-chamber 
cardiac pacemakers were implanted. The atrial elec- 
trode was positioned near the right auricle and the ven- 
tricular part in the apical region of the right ventricle. 
Externally multiprogrammable pacemakers that could 
be set to an atrioventricular interval of 100 ms in DDD 
mode were used (Medtronic 7005, Siemens 285). The 
pacemakers were programmed to a minimal rate of 50 
and a maximal rate of 150 beats/min. The atrioventric- 
ular interval of 100 ms was chosen as the shortest possi- 
ble atrioventricular delay that does not significantly im- 
pair cardiac function.+* We have previously demon- 
strated that shortening of the atrioventricular delay to 
75 ms is followed by echocardiographic signs of poor 
right ventricular compliance as well as decreased left 
ventricular radionuclide ejection fraction,+ which has 
been confirmed recently.’ Longer atrioventricular de- 
lays of 150 or 200 ms had been previously tested in 4 
patients with dilated cardiomyopathy, but no significant 
improvement was achieved. 

The infusion of dopamine or dobutamine was discon- 
nected after pacemaker implantation. All other medica- 
tions were continued during the study period. The clini- 
cal outcome of the patients was followed up to 1 year 
after pacemaker implantation, or until heart transplan- 


tation. During this period none of the pacemakers re- 
quired an adjustment. 

Methods for evaluation of cardiac function: The fol- 
lowing studies were performed within 1 week before and 
2 to 14 days after pacemaker implantation: electrocar- 
diogram, routine chest x-ray, radionuclide scintigraphy, 
24-hour Holter or telemetry monitoring and M-mode 
and 2-dimensional echocardiography. Doppler echocar- 
diography was carried out in 6 patients and the severity 
of mitral regurgitation was graded semiquantitatively.’ 
Echocardiographic studies were performed according to 
the recommendations of the American Society of Echo- 
cardiography.!°-!* Heart failure was classified accord- 
ing to the New York Heart Association.'? The New 
York Heart Association classes were assessed indepen- 
dently by the chief physician of the intensive care unit, 
who was not involved in this study, and by 2 of us (MH, 
HH). Left ventricular ejection fraction was estimated 
by multigated acquisition blood-pool scintigraphy ac- 
cording to the method described by Reiber et al.'* 

Statistical analysis: All values are expressed as 
mean + standard deviation. The Kolmogoroff-Smirnow 
test showed no significant difference from Gaussian dis- 
tribution. The significance of differences between means 
was checked by paired Student ¢ test. 


RESULTS 

Before pacemaker implantation the patients were in 
critical condition and had severe left ventricular failure 
despite intensive drug therapy (Table I). In 11 patients 
moderate to severe hypotension had developed, further 
limiting drug therapy. Eight of these patients required a 
continuous infusion of dopamine or dobutamine. With- 
drawal of this support was followed by immediate dete- 
rioration. During DDD pacing (atrioventricular delay of 
100 ms) cardiac function improved considerably. The 
characteristic clinical symptoms such as severe dyspnea 
at rest and pulmonary edema almost disappeared. In 
the patients with severe hypotension the catecholamine 
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TABLE Il Cardiothoracic Ratio and Echocardiographic Data Before and During DDD Pacing in 16 Patients with Dilated 


Cardiomyopathy 


Echocardiographic Dimensions (mm) 


Cardiothoracic 


Ratio (x-ray) Right Ventricle 


Before Before During 


OANA AHRWND 


0.60 
0.56 
0.63 
Mean+SD 0.60+0.06 0.56+40.05 
p Value* <0.001 


* By paired ttest. 
NS = not significant; SD = standard deviation. 


support could be withdrawn. DDD pacing was associ- 
ated with a considerable increase in left ventricular ejec- 
tion fraction (Figure 1) and a significant decrease in 
New York Heart Association class (Figure 1) and in 
cardiothoracic ratio (Table II). According to 24-hour 
Holter monitoring and telemetry the frequency of extra- 
systoles and ventricular arrhythmias was reduced dur- 
ing DDD pacing. 

Heart rate was normalized during pacing. In pa- 
tients with a high heart rate before pacing, a decrease in 


N YHA- Ckasses: 


during 
DDD-pacing 


before 


Left Atrium 


Before 


Fractional 
Shortening (%) 


Left Ventricle 
Diastole 


Left Ventricle 
Systole 


During Before During Before During Before During 


62+10 6010 
<0.05 


74411 72+10 
<0.05 


heart rate was observed in response to DDD pacing 
(Figure 2). The opposite occurred in patients with 
bradycardia. In addition, systolic blood pressure in- 
creased significantly (Figure 2). The increase was espe- 
cially marked in the patients with severe hypotension 
who had received dopamine or dobutamine before pac- 
ing. The diastolic blood pressure likewise increased from 
67 + 15 to 80 + 11 mm Hg (p <0.01) during pacing. 

The echocardiographic data before and during DDD 
pacing are summarized in Table II. The decrease in 


p<0.001 


left ventricular ejection fraction (2) 


during 
DDD-pacing 


before 


URE 1. Changes in New York Heart Association (NYHA) class and left ventricular ejection fraction in response to DDD 
pacing. The examinations were performed within 1 week before and 2 to 14 days after pacemaker implantation. Ventricular 
ejection fraction both before and during DDD pacing was measured in 14 patients only. 
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echocardiographic dimensions was more pronounced in 
the right ventricle and left atrium than in the left ventri- 
cle. The dimension of the inferior vena cava, as seen 
from the subcostal view, decreased from 22 + 3 to 20 + 
3 mm (p <0.05). On the other hand, no changes in frac- 
tional fiber shortening (16 + 3 vs 17 + 3%) were ob- 
served. Similarly, aortic diameter, posterior wall thick- 
ness and septal thickness were not altered by pacing. 
The signs of poor right ventricular compliance and tri- 
cuspid regurgitation recorded by contrast echocardiog- 
raphy were diminished during DDD pacing. Doppler 
color flow imaging performed in 6 patients demon- 
strated that mitral regurgitation was reduced during 
pacing from grade 2.0 + 0.4 to grade 0.9 + 0.4 (p 
<0.05). 

No major complications occurred in reaction to 
pacemaker implantation. One patient developed an in- 
fection and the pacemaker had to be explanted, where- 
upon dyspnea and pulmonary edema immediately re- 
curred. After reimplantation of another pacemaker sev- 
eral days later, a dramatic improvement was again seen. 
Similarly, in another patient a pacemaker initially 
working in VVI mode was implanted and no improve- 
ment was seen. After the pacemaker was programmed 
to work in DDD mode with atrioventricular delay of 
100 ms, the improvement in cardiac function was com- 
parable to that of all other patients. 

Three weeks after pacemaker implantation all pa- 
tients were in good condition, were discharged from the 
hospital and were able to resume a relatively normal 
life. Within 1 year only 4 of the patients died, 2 of them 
about 2 months (due to sudden death and stroke), 1 
patient 5 months (due to sudden death) and 1 patient 
10 months (due to sudden death) after pacemaker im- 
plantation. In the other 12 patients the clinical improve- 
ment persisted during the observation period. Four of 
these patients received donor hearts 5 to 11 months af- 


heart rate beats/min 


during 
DDD-pacing 


before 


ter onset of DDD pacing. It is noteworthy that in 3 pa- 
tients the initially intended transplantation was not per- 
formed because of the dramatic clinical improvement. 


DISCUSSION 

We demonstrate that in patients with drug-resistant, 
end-stage idiopathic dilated cardiomyopathy, left ven- 
tricular function and clinical symptoms improved con- 
siderably by implantation of a pacemaker programmed 
for DDD pacing with atrioventricular delay of 100 ms. 
The immediate deterioration of a patient after removal 
of the pacemaker, as well as the ineffectiveness of VVI 
pacing, further underline the beneficial effect of DDD 
pacing. Despite repeated hospitalization 2 to 24 months 
before DDD pacing, all patients could be discharged 
from the hospital no more than 3 weeks after pacemak- 
er implantation and return to a relatively normal life. 

This remarkable improvement was in accordance 
with a marked increase in left ventricular ejection frac- 
tion and a significant decrease in heart size and was 
rather related to factors influencing pre- or afterload 
than to changes in heart rate or myocardial contractili- 
ty, the other determinants of ejection fraction.!5!6 Ac- 
cording to echocardiographic measurements, the poor 
myocardial contractility in our patients was not im- 
proved by pacing. The untested hypothesis—that in pa- 
tients with severe left ventricular dysfunction, atrial 
pacing tachycardia may be an attractive alternative 
method to decrease end-diastolic volume!’—is opposed 
by the recent finding that patients with dilated cardio- 
myopathy demonstrate no significant improvement in 
systolic and diastolic function during atrial pacing 
tachycardia, indicating a depression of myocardial re- 
serve.!8 In this study, we observed a variable change in 
heart rate in response to physiologic dual-chamber pac- 
ing. Heart rate decreased in tachycardic patients, but 
increased in patients with bradycardia. Since the pace- 


Systolic blood pressure mm Hg 


during 
DDD-pacing 


FIGURE 2. Changes in heart rate and systolic blood pressure in response to DDD pacing. The values were measured within 1 


week before and 2 to 14 days after pacemaker implantation. 
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makers were programmed in the range of 50 to 150 
beats/min, these changes were probably due to a reflec- 
tory adaptation in response to the cardiovascular im- 
provement. 

The reduction in heart size coincided with a reduc- 
tion in the echocardiographic dimensions of mainly the 
left atrium, right ventricle and vena cava. These 
changes point to a decrease in preload, which might 
have contributed to an improvement of left ventricular 
function.!’ One of the problems frequently observed in 
dilated cardiomyopathy is atrioventricular valve regur- 
gitation during early ventricular contraction.!?° This 
retrograde flow may be the consequence of atrial relax- 
ation before mitral valve closure?! due to a disturbed 
temporal relation between atrial and ventricular con- 
traction. This results in a greater blood volume in the 
left atrium and thus in an enhancement of preload com- 
bined with a loss of volume for forward cardiac out- 
put.?!:22 Therefore, we assume that in our patients one 
of the reasons for the decrease in left atrial dimension 
was the prevention of a ventriculoatrial flow by DDD 
pacing. Indeed, a decrease in mitral valve regurgitation 
after pacemaker implantation was observed. This im- 
provement possibly results from the reduction of the 
time delay between atrial systole and ventricular con- 
traction to 100 ms, thereby shifting ventricular contrac- 
tion toward atrial systole. 

The prolonged delay in the onset of left ventricular 
contraction in relation to atrial contraction in dilated 
cardiomyopathy might be the consequence of consider- 
able spatial extension of the pathway for ventricular de- 
polarization due to exaggerated dilatation of the left 
ventricle. This spatial extension prompted us to use the 
rather short atrioventricular delay of 100 ms, although 
in patients with normal left ventricular function, cardiac 
output decreases slightly at rest when the atrioventricu- 
lar interval is reduced from 140 to 150 ms to 100 to 110 
ms.’ Since appropriate timing of atrial contraction is 
also an important factor for ventricular filling, especial- 
ly during late diastole,?!- DDD pacing probably im- 
proved ventricular filling in dilated cardiomyopathy. Fi- 
nally, a mistiming of atrial contraction may result in a 
loss of the atrial contribution to ventricular outflow 
power (“atrial kick”).?! DDD pacing may, therefore, of- 
fer the additional advantage of preserving atrial outflow 
power for ventricular ejection. 
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Infection of the Heart by the Human 
Immunodeficiency Virus 


Wayne W. Grody, MD, PhD, Lorna Cheng, MS, and William Lewis, MD 


Heart muscle disease in the acquired immune defi- 
ciency syndrome (AIDS), characterized by electro- 
cardiographic changes or congestive cardiomyopa- 
thy, is a documented clinical problem, but its patho- 
genesis is obscure. In AIDS the heart is known to 
be involved by a variety of opportunistic infections 
as well as Kaposi’s sarcoma, but no causative rela- 
tion with the development of cardiomyopathy has 
been established. This study reports evidence for 
direct infection of the heart in AIDS, not by an op- 
portunistic pathogen but by the AIDS virus itself, 
the human immunodeficiency virus (HIV). For this 
study the technique of in situ deoxyribonucleic acid 
hybridization was applied to cardiac tissues ob- 
tained at autopsy from AIDS patients. Using sulfur- 
35-labeled ribonucleic acid probes encompassing 
the entire HIV genome, HIV nucleic acid sequences 
were detected in cardiac tissue sections from 6 of 
22 patients examined who died of AIDS. The hy- 
bridization targets appeared to be cardiac myo- 
cytes, although their precise morphology was often 
obscured by the intensity of the signal. The myo- 
cardial cells showing a positive hybridization signal 
were sparse, often comprising only 1 or a few cells 
per section, and their number and location did not 
correlate obviously with any histopathologic or clin- 
ical evidence of heart muscle disease in these pa- 
tients. It is conceivable that the presence of HIV nu- 
cleic acid sequences may represent a preclinical 
marker of impending AIDS-associated heart muscle 
disease. This sequela would not be recognized in 
many patients, including those in this series, who 
died rapidly of Pneumocystis carinii pneumonia, 
Kaposi’s sarcoma and other well-documented man- 


From the Department of Pathology and Laboratory Medicine and the 
Divisions of Molecular Pathology and Medical Genetics, UCLA School 
of Medicine, Los Angeles, California. This study was supported in part 
by grant HL-41499 from the National Heart, Lung, and Blood Insti- 
tute, Bethesda, Maryland, by grant R88-LA070 from the State of 
California allocated on the recommendation of the Universitywide Task 
Force on AIDS, and by a CAP Scholar Award in Molecular Pathology 
from the College of American Pathologists. Manuscript received De- 
cember 11, 1989; revised manuscript received March 19, 1990, and 
accepted March 21. 

Address for reprints: William Lewis, MD, Department of Patholo- 
gy and Laboratory Medicine, UCLA School of Medicine, Los Angeles, 
California 90024-1732. 


ifestations of AIDS. As patients’ lives are prolonged 
by antiretroviral drugs and other therapies, it may 
become more apparent. 

These results implicate the cardiac myocyte as a 
new target cell for the AIDS virus and extend oth- 
ers’ observations of HIV in cardiac tissue by culture 
or Southern blot but without localization to a par- 
ticular cell type. Further study is required to deter- 
mine the pathogenetic relation, if any, between the 
HIV-infected heart and AIDS-associated cardiomy- 
opathy. 

(Am J Cardiol 1990;66:203-206) 


he acquired immune deficiency syndrome (AIDS) 
is a lethal disorder characterized by profound de- 


fects in the T-cell arm of the immune system. A 
major advance in understanding the specific destruction 
of T-helper cells seen in the disorder occurred when the 
causative agent, the human immunodeficiency virus 
(HIV), was found to possess a unique tropism for the 
surface receptors of the OKT4* subclass of lympho- 
cytes.! More recently, however, the virus was found to 
infect other cell types as well, including monocytes/ 
macrophages, endothelial cells, glial cells, bowel epithe- 
lial cells and possibly neurons.?~> These results suggest- 
ed a broader host cell range for HIV than was previous- 
ly suspected, and may account for some of the protean 
clinical manifestations of AIDS. 

Based on involvement of the above-mentioned cell 
types, the brain is documented as a bona fide target 
organ of HIV infection, manifested by an encephalo- 
pathic syndrome that is emerging as a major clinical 
feature of AIDS. Although it has received less atten- 
tion, heart muscle disease is another clinical manifesta- 
tion, characterized by electrocardiographic changes or 
dilated (congestive) cardiomyopathy, in a small percent- 
age of patients.*? However, while the heart in AIDS is 
known to be involved by a variety of opportunistic infec- 
tions as well as Kaposi’s sarcoma,'? no causative rela- 
tion between these pathologic findings and the develop- 
ment of heart muscle disease has been documented. 

We report evidence for direct infection of the heart 
in AIDS, not by an opportunistic pathogen but by the 
AIDS virus itself, HIV. We applied the technique of in 
situ deoxyribonucleic acid (DNA) hybridization to car- 
diac tissues obtained at autopsy from AIDS patients. 
This technique has established efficacy in detecting his- 
tologically occult infections of cytomegalovirus and oth- 
er agents in immunosuppressed patients.!!-!4 The tech- 
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nique uses a radiolabeled ribonucleic acid (RNA) probe 
to detect endogenous target nucleic acid sequences di- 
rectly within histologic tissue sections. Unlike the 
Southern blot technique, in situ hybridization obviates 
the need for extraction of DNA or RNA. Tissue archi- 
tecture is thereby preserved and specific determination 
of cell types hybridizing with the probe is possible. Us- 
ing a sulfur-35-labeled RNA probe encompassing the 
entire HIV genome, we detected HIV nucleic acid se- 
quences in postmortem cardiac tissue sections from 6 of 
22 patients examined who died of AIDS. 


METHODS 

Postmortem cardiac tissue was obtained from 23 pa- 
tients who died of AIDS at UCLA Hospital from Janu- 
ary 1983 through October 1988. The patients ranged in 
age from 6 to 72 years. Most were males in the homo- 
sexual risk group, but there were also 1 case each of 
congenital transmission and intravenous drug abuse, 
and 2 cases of likely blood transfusion-associated AIDS. 
Other representative tissues, including lymph nodes, 
were obtained from the same source to be used as con- 
trols. External negative controls were derived from sec- 
tions of hamster heart, a species that is not a host for 
the human AIDS virus, and human myocardium de- 
rived from patients without AIDS. Positive controls 
were derived from HIV-infected lymphocyte cultures 
(courtesy of Dr. I. Chen, UCLA) and from sections of 
brain from AIDS patients (courtesy of Dr. H. V. 
Vinters, UCLA). The latter contained numerous peri- 
vascular multinucleated giant cells, which are consid- 
ered the histopathologic hallmark of HIV encephalopa- 
thy.!> Tissues were fixed routinely in 10% buffered for- 
malin and embedded in paraffin. Sections were cut at 5 
„m, stained with hematoxylin and eosin, and examined 
by light microscopy for evidence of viral inclusions, in- 
flammation, necrosis or other histopathologic changes, 
which were then correlated with each patient’s clinical 
course and cardiac symptoms (if any). 

For in situ hybridization studies, sections were de- 
paraffinized in xylene and rehydrated in aqueous etha- 
nol and H20, as described elsewhere.!® Sections were 
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FIGURE 1. In situ hybridization of human immunodeficiency 
virus (HIV) ribonucleic acid probe in section of myocardium of 
AIDS patient. The black grains in the emulsion overlying a 
presumed cardiac myocyte indicate positive hybridization with 
HIV nucleic acid sequences (counterstained with hematoxylin 
and eosin, X 335). 
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treated with Pronase protease (Calbiochem) for 14 min- 
utes at 37°C, rinsed in H20 and postfixed in parafor- 
maldehyde for 5 minutes. This was followed by a rinse 
in H2O and glycine, incubation in 100 mM triethanola- 
mine-acetic anhydride, pH 8.0, for 10 minutes at room 
temperature, a rinse in 2 X sodium chloride-sodium ci- 
trate, and dehydration in ethanol. Sulfur-35-labeled 
RNA probe sequences representing the entire HIV ge- 
nome were obtained from Oncor and hybridized against 
the slides for 18 hours at 52°C in a cocktail containing 


Curie Se me | 
FIGURE 2. In situ hybridization of HIV RNA probe in control 
samples. HIV-infected lymphocytes from culture (A) and sec- 
tion of brain tissue from a patient with AIDS encephalopathy 
(B). Hybridization in the latter was primarily localized to peri- 
vascular multinucleated giant cells. No hybridization signal 
was detected in sections pretreated with ribonuclease A (C) 
(counterstained with hematoxylin and eosin, x 335). Abbrevi- 
ations as in Figure 1. 





50% formamide, according to the manufacturer’s in- 
structions and minor modifications of published meth- 
ods.'? Slides were washed extensively in solutions of so- 
dium chloride-sodium citrate and sodium dodecylsul- 
fate, and postdigested with 40 ug/ml ribonuclease A 
and 10 U/ml ribonuclease Tı, as described.'’ Slides 
were coated with Kodak NTB-2 photographic emulsion 
and developed for 1 to 2 days in the dark. In all cases, 
appropriate positive and negative controls were run in 
tandem with the AIDS heart samples. 


RESULTS 

By in situ hybridization with sulfur-35-labeled RNA 
probes encompassing the entire HIV genome, we de- 
tected HIV nucleic acid sequences in cardiac tissue sec- 
tions from 6 of 22 patients (27%) who died of AIDS. As 
illustrated in Figure 1, the cells showing a positive hy- 
bridization signal were sparse, often comprising only 1 
or a few cells per section. However, more than 1 section 
usually hybridized in samples from each positive case. 

Although some cardiac pathologic findings were not- 
ed by light microscopy in some of these cases,! the 
presence and extent of HIV hybridization did not corre- 
late with any histopathologic or clinical evidence of 
myocarditis or changes of heart muscle disease in these 
patients. The observed cells that demonstrated positive 
hybridization were typically located within broad areas 
of relatively normal-appearing myocardium. Since the 
strength and intensity of the “starburst” pattern of sil- 
ver grains tended to obscure the morphology of the posi- 
tive cells below the emulsion, precise identification of 
the nature of the target cells was sometimes difficult, 
and the possibility exists that some of the positive sig- 
nals could be emanating from infiltrating lymphocytes 
or macrophages rather than myocytes. However, the 
presence of many of these positive signals in areas of 
myocardium that contained no microscopic evidence of 
inflammatory infiltrates or other pathologic changes, 
and that were spaced apart from blood vessels and con- 
nective tissue, is suggestive of their identity as cardiac 
myocytes. 

Application of the HIV probe at the same specific 
radioactivity to positive control slides of HIV-infected 
lymphocytes and brain sections from patients with HIV 
encephalopathy yielded hybridization signals that were 
approximately the same intensity as those observed in 
the heart cells, but were more numerous in these con- 
trols (Figure 2A and B). The hybridization signal was 
eradicated by pretreatment of the slides with 2 mg/ml 
of either ribonuclease A or deoxyribonuclease I (Figure 
2C). Heart specimens from hamster showed no hybrid- 
ization in any sections examined. This was consistent 
with the known species infectivity range of HIV and 
assured against the possibility of unwittingly retrieving 
samples containing HIV in any tissues from human 
sources. Myocardial sections from 9 patients who did 
not have AIDS were similarly negative. 


DISCUSSION 

Pathologic changes in the heart have been observed 
in over half of AIDS cases in several autopsy se- 
ries.!0!8-23 Findings have included Toxoplasma or fun- 


gal myocarditis, nonbacterial thrombotic endocarditis, 
right ventricular hypertrophy, pericardial effusion, Ka- 
posi’s sarcoma involving the myocardium or pericardi- 
um, dilated cardiomyopathy and lymphocytic myocardi- 
tis. Nonetheless, a consistent association between any of 
these findings and clinically significant AIDS-associ- 
ated congestive cardiomyopathy or AIDS-related myo- 
carditis has not been established conclusively. Potential 
etiologies of heart muscle disease in AIDS therefore 
may include infection of the heart by some yet unde- 
tected pathogen, the effect of some circulating or sys- 
temic toxin, an autoimmune phenomenon or possibly 
cardiotoxicity of AIDS therapies. 

Animal models have suggested a pathogenetic con- 
nection between viral infections and chronic myocarditis 
with or without cardiomyopathy.**”> Our finding of 
HIV nucleic acid sequences in heart tissues of AIDS 
patients raises the analogous possibility that infection of 
the heart by HIV causes myocyte death, with or with- 
out accompanying interstitial inflammation, and leads 
ultimately to the endpoint of congestive cardiomyopa- 
thy. 

Infection of muscle cells by a lymphotropic human 
retrovirus is not unprecedented. Wiley et al*° recently 
reported direct infection of skeletal muscle fibers by hu- 
man T-cell leukemia virus type I (HTLV-I) in a patient 
with HTLV-I-associated polymyositis. The cells stain- 
ing positively (by either in situ hybridization or immu- 
nohistochemistry) were within histologic areas showing 
myopathic changes, suggesting a direct tissue response 
to the viral infection. 

The mechanism by which HIV gains entry into mus- 
cle cells, whether of skeletal or cardiac type, is not clear. 
In T-helper lymphocytes, its best studied host cell, infec- 
tion is initiated by adsorption of the virus to surface 
CD4 receptors.” The finding of homologous receptor 
proteins on certain nonlymphoid cells has fostered pro- 
posals for infection of unusual tissues, such as kidney, 
by HIV, to account for some less common aspects of 
AIDS symptomatology.” To address this point, we 
have performed immunohistochemical studies on frozen 
sections of normal human myocardium (courtesy of Dr. 
T. Drake, UCLA) using an anti-CD4 antibody (anti- 
Leu-3a). No CD4 antigen was detected in this tissue 
within the sensitivity range of the procedure (results not 
shown). 

Calabrese et al?’ have reported isolation and cultiva- 
tion of HIV from an endomyocardial biopsy specimen 
obtained from an AIDS patient with congestive cardio- 
myopathy. However, they?” stated that no direct visual- 
ization or localization of HIV within the tissue was ac- 
complished by hybridization, immunohistochemistry or 
electron micrographic techniques, and so the possibility 
that the culture results related to HIV contamination of 
the heart biopsy by the patient’s infected blood could 
not be excluded. Similarly, Flomenbaum et al*° detect- 
ed HIV nucleic acid sequences in postmortem cardiac 
tissue from 3 AIDS patients by the polymerase chain 
reaction or Southern blot, but these techniques also do 
not allow for localization of the target sequences to a 
particular cell type. This point was also addressed by 
Calabrese et al.”? 
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In contrast, the in situ hybridization technique used | 


herein does not require extraction of target sequences, 
thus enabling preservation of tissue architecture and al- 
lowing for more precise determination of cell types 
within the tissue that are positive for hybridization with 
the sequence in question. These findings support and ex- 
tend those of the other investigators, and provide the 
first microscopically documented evidence of direct in- 
fection of the heart by HIV. By implicating the cardiac 
myocyte as a potential target for the AIDS virus, these 
findings further expand the known host cell range for 
this lymphotropic agent, while simultaneously highlight- 
ing a clinical manifestation of AIDS that may well gain 
prominence as the epidemic evolves. 
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CONGENITAL HEART DISEASE 


Transesophageal Echocardiographic Guidance 
of Transcatheter Closure of Atrial Septal Defect 


William E. Hellenbrand, MD, John T. Fahey, MD, Francis X. McGowan, MD, 
Gregory G. Weltin, MD, and Charles S. Kleinman, MD 


Transcatheter closure of atrial septal defect (ASD) 
was accomplished in 10 of 11 patients aged 13 
months to 46 years (weight range 11 to 77 kg). 
Transesophageal echocardiography (TEE) was 
used simultaneously with fluoroscopic imaging in 4 
of these patients aged 4.5 to 46 years (weight 
range 19 to 77 kg). TEE was used to ascertain de- 
fect size, position and number of defects and to as- 
certain appropriate seating of the defect occluder 
within the atrial defect. In 2 patients TEE-assisted 
transcatheter ASD closure was accomplished after 
previous attempts at transcatheter ASD closure, 
unaided by TEE, had been unsuccessful. The only 
unsuccessful ASD closure procedure occurred in 
the smallest patient in the series (an 11-kg 13- 
month-old), a child who was too small to undergo 
TEE using our 11-mm diameter endoscopic probe. 
The concomitant use of TEE with fluoroscopic im- 
aging provides information that is unique and com- 
plementary and may improve the efficacy and safe- 
ty of the transcatheter technique for ASD closure. 
The recent availability of a 7-mm diameter TEE 
probe will extend the use of TEE into the infant age 
group and may decrease the discomfort and poten- 
tial morbidity of TEE in older patients. 

(Am J Cardiol 1990;66:207-213) 
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congenital heart disease has been well described 
over the past 8 years.!-!° Recently, a double um- 
brella with a clamshell configuration was developed for 
transcatheter closure of atrial septal defect (ASD) al- 
lowing spring tension rather than hooks or locking 
screws to attach the umbrella to the atrial septum.!! In 
the present study, the technique for double umbrella 
closure of ASD in children and adults as recently de- 
scribed by Lock et al!>!3 was used. This technique re- 
lied on fluoroscopic imaging alone to place the device. 
The relatively recent development of transesophage- 
al echocardiography (TEE) imaging tranducers inter- 
faced with steerable endoscopes has altered the nature 
of echocardiography. These “semiinvasive” studies pro- 
vide high-quality tomographic images of the heart and 
great vessels, unaffected by superimposed lung tissue 
and body habitus. The use of TEE during cardiac sur- 
gery, in the intensive care unit and in outpatients, 
in whom precordial echocardiographic studies have 
been inadequate for diagnostic purposes, has been 
well described. !4 
This report describes the combined application of 
TEE and fluoroscopic imaging for monitoring the trans- 
catheter closure of ostium secundum ASD. These 2 im- 
aging modalities, used simultaneously, are complemen- 
tary and represent a unique approach. We believe that 
TEE provides information that makes this intervention- 
al catheterization procedure easier, safer and more ef- 
fective than using fluoroscopic guidance alone. 


"| cneenia therapy for many different types of 


METHODS 

Study patients: Between March | and October 31, 
1989, 11 patients, aged 1 to 46 years (median 4.6), 
ranging in weight from 11 to 77 kg (median 19.3) have 
undergone attempted transcatheter closure of ASDs at 
the Yale-New Haven Medical Center (Table I). These 
procedures were performed under a protocol for human 
investigation approved by our institutional review board 
as part of a multicenter study using an investigational 
device being evaluated under the approval of the Food 
and Drug Administration (IDE approved). 

Four of these patients, ranging in age from 45 to 46 
years and in weight from 19 to 77 kg, underwent TEE 
monitoring and guidance of placement of the atrial de- 
fect occluder device. 

In 3 pediatric patients, ranging from 4.5 to 11 years 
of age, the procedure was performed under general an- 
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TABLE I Clinical Information 
Atrial Septal Defect Size 


Precordial 
WT 


(kg) 


TEE 
(mm) 


Age (yrs) 
12-6/12 
9-9/12 
1-1/12 


Diagnosis 


ASD 

ASD 

D-TGA, S/P, 
arterial switch 

D-TGA, S/P, 
arterial switch 


4-1/12 


Mitral atresia, 
S/P Fontan 


ASD 10-3/12 


Angiography 
(mm) 


Occluder 
Size 


Stretched 
Diameter Clinical 


Result 


QP/QS 


Implanted / closed 
Implanted / closed 
Not implanted 


Implanted / closed 


Implanted /closed 
Implanted /small 
Residual L-R Shunt 
Implanted /closed 
Implanted /closed 
Implanted /closed 
Implanted /closed 


Implanted /closed 


ASD = atrial septal defect; D-TGA = D-transposition of the great arteries; PS = pulmonic stenosis; QP / QS = ratio of pulmonary to systemic blood flow; S/P = status post. 


esthesia, with the patients intubated and ventilated. In 
our institution the protocol for transcatheter closure of 
ASD calls for general inhalation anesthesia for all pedi- 
atric patients, regardless of whether TEE is anticipated. 

The fourth patient, a 46-year-old woman, underwent 
catheterization and TEE using intravenous sedation and 
topical oropharyngeal anesthesia consisting of aerosol- 
ized lidocaine and viscous lidocaine lubricant on the 
esophageal probe. 

All patients were prepared in standard fashion for 
cardiac catheterization and transcatheter atrial defect 
closure. Patients fasted overnight and were not premedi- 
cated. Anesthesia was induced by inhalational nitrous 
oxide/oxygen/halothane. Muscle relaxation was accom- 
plished with intravenous vecuronium. The trachea was 
subsequently intubated with an endotracheal tube ap- 
propriate for the child’s age and size, and the presence 
of an air leak around the endotracheal tube at <20 cm 
water positive airway pressure was confirmed. Anesthe- 
sia was maintained for the duration of the catheteriza- 
tion procedure with nitrous oxide/oxygen/halothane, 
with supplemental vecuronium and fentanyl as required. 

All patients underwent complete echocardiographic 
study from multiple precordial and subxiphoidal imag- 
ing windows within 24 hours before cardiac catheter- 
ization. 

Transcatheter atrial septal defect closure: The 
technique used for transcatheter closure of an ASD is 
similar to that described previously.!? The occluder is 
designed as 2 spring assemblies resembling 2 opposing 
umbrellas (USCI Angiographic Systems) (Figure 1). 
The arms have been designed so that when they are 
extruded from the delivery catheter they will spring 
open with the free ends of the arms of the opposing 
umbrellas tending to overlap one another, past perpen- 
dicular. When the device is appropriately placed, with 
each umbrella on opposite sides of the atrial septum, the 
septal tissue will prevent overlap of the arms, and this 
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will assure secure attachment of the device to the lim- 
bus of the defect. The initial portion of the catheteriza- 
tion procedure involves angiographic evaluation of the 
size and location of the ASD (Figure 2) and sizing of 
the streched diameter of the defect using an occlusion 
balloon (Figure 3). The ASD occluder currently under 
investigation comes in 5 different diagonal lengths (17, 
23, 28, 33 and 40 mm). A device approximately twice 
the size of the stretched diameter of the atrial defect is 
chosen. The left atrial arms are opened in the left atri- 
um and withdrawn to engage the left side of the atrial 
septum (Figure 4) and then the proximal arms are 
opened to engage the right side of the atrial septum 
(Figure 5). Appropriate positioning of the device is as- 
certained fluoroscopically by determining that none of 
the spring arms of 1 umbrella overlap the arms of the 
opposite umbrella disc. 

Transesophageal echocardiography: TEE was per- 
formed using a commercially available Hewlett-Pack- 
ard 77020 AC echocardiograph machine interfaced 
with a 5-MHz TEE probe, mounted on an endoscope. 
The transverse diameter of this probe is 11 mm, mount- 
ed on a shaft measuring 9 mm in diameter. The tip of 
the endoscope has 90° of forward and reverse mobility 
and approximately 70° of lateral mobility. This trans- 
ducer provides a 90° sector for echocardiographic imag- 
ing and also provides for color-flow and pulsed-Doppler 
flow analysis. 

In the anesthetized and intubated pediatric patients 
the lubricated probe was introduced with the patient re- 
cumbent, the head in the midline position and the neck 
slightly flexed. Under direct pharyngoscopic/laryngo- 
scopic visualization, the probe was passed gently into 
the esophagus. The head was kept in a neutral position, 
and the absence of change in the air leak about the en- 
dotracheal tube was confirmed. To minimize the possi- 
bility of laryngeal or other injury, the probe was left in 
place for a maximum of 30 minutes, which was more 





than adequate to obtain the necessary imaging before, 
during and after placement of the ASD occluder. 

The endoscope was passed with the sedated, unanes- 
thetized adult patient placed in the left lateral decubitus 
position. The tip of the endoscope was advanced to the 
esophageal orifice and the patient was asked to swallow, 
facilitating entry of the endoscope into the upper part of 
the esophagus. The endoscope was then firmly but gent- 
ly advanced. 

Comprehensive TEE examinations were performed, 
using a sequence of transducer positions and tomo- 
graphic sections, as has been described by investigators 
at the Mayo Clinic.'* Transducer positioning was select- 
ed to provide optimum imaging of the interatrial sep- 
tum, which is best examined in multiple short-axis and 
4-chamber imaging planes. 

TEE monitoring and guidance of atrial defect clo- 
sure involved identification and localization of atrial de- 
fects as well as careful measurement of defect diameter, 
to assist in the selection of occluder devices of appropri- 
ate size (Figure 2, B and C and Figure 3B). TEE was 
also used to detect the presence of multiple atrial de- 
fects. During placement of the occluder device the TEE 
provided visualization of the defect and its margins and 
was used to ascertain that the multiple “arms” of the 
device were properly aligned (Figure 4B) and well-seat- 
ed on both sides of the interatrial septum (Figure 5, B 
and C). 

The radioopaque transesophageal probe did not in- 
terfere with fluoroscopic monitoring of the device place- 
ment when the image intensifier was oriented in the 
hepatoclavicular view for the procedure (Figure 5A). 
After release of the properly placed occluder device, 
TEE was used to visualize the now anatomically closed 
defect and in addition, color flow mapping was used to 
evaluate the presence and localization of any residual 
left-to-right interatrial shunting (Figure 5, B and C). 


RESULTS 
Of the 11 patients who underwent attempted trans- 
catheter closure of an ASD, 10 have had successful im- 


< 


FIGURE 1. A, the atrial septal defect (ASD) occluder viewed from the front shows the 4 stainless steel arms of 1 of the 2 um- 
brellas. There is a spring at the central hub and in the middle of each arm. The Dacron patch is sewn to each arm. B, profile 
view of the double umbrella occluder with the 2 arms pulled slightly apart. 


plantation of occluder devices. Seven of the 11 patients 
had uncomplicated ostium secundum ASDs with associ- 
ated left-to-right shunts and all of the defects were 
closed with the transcatheter technique. One patient 
had severe valvar pulmonic stenosis with an associated 
ostium secundum ASD that shunted left-to-right after 
successful balloon valvuloplasty and was also successful- 
ly closed. One patient underwent transcatheter closure 
of 2 separate residual atrial level defects after modified 
Fontan operation for palliation of mitral atresia with 
double outlet right ventricle. In this patient severe atrial 
level right-to-left shunting and associated cyanosis was 
ameliorated by the transcatheter technique. In 2 pa- 
tients the transcatheter technique was attempted for 
obliteration of residual ASDs after arterial switch re- 
pair of transposition of the great arteries. One of these 2 
patients (patient 3, Table I), a 13-month-old, 11 kg boy 
was the only patient in whom occluder placement was 
unsuccessful. This child was the youngest and smallest 
patient in the group. 

In this latter patient the occluder device was visual- 
ized using fluoroscopy and attempted precordial echo- 
cardiographic imaging. Adequate visualization of the 
position of the legs of the occluder was not obtained, 
and the device embolized into the right ventricular cavi- 
ty after release from the delivery system. This device 
was retrieved from the right ventricular cavity and was 
withdrawn into the iliac vein, where it lodged and re- 
quired surgical removal. This represents the only com- 
plication that has been encountered to date. 

Two patients required a second catheterization pro- 
cedure for atrial defect closure after the initial proce- 
dure was abandoned due to imaging limitations before 
the availability of TEE. In the first patient (patient 7, 
Table I) there was difficulty in locating the arms of the 
occluder in the proper position, as the left atrial oc- 
cluder arms kept pulling through the defect, due to un- 
certainty in ascertaining proper device position using 
fluoroscopy alone. In the second patient (patient 8, Ta- 
ble I) underestimation of atrial defect dimensions on 
precatheterization precordial echocardiography led to 
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the procedure being performed without the availability 
of the largest device (40 mm) that was necessary, as the 
stretched diameter of the ASD was 24 mm. In both of 
these cases subsequent transcatheter closure of the atri- 
al communication was accomplished using TEE to con- 
firm appropriate placement of the occluder device. 
Table I lists the summary of findings at precatheter- 
ization precordial echocardiography, cardiac catheter- 
ization and, in 4 cases, TEE. Note that the stretched 
diameter of the defect varied from 16 to 50% larger 
than that estimated using precordial echocardiography 
and angiographic measurement and was 16 to 33% larg- 
er than on transesophageal echocardiographic measure- 
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ment. In 1 patient the defect could not be visualized at 
all using precordial or subcostal echocardiographic im- 
aging windows. This defect was well visualized and 
measurable using the transesophageal imaging ap- 
proach. Pulmonary to systemic flow ratios varied from 
1.5 to 2.8/1 in the 9 patients with secundum ASDs and 
left-to-right shunts. In the 2 patients with a right-to-left 
shunt, normal arterial saturation was achieved after clo- 
sure. 

All patients were discharged from the hospital after 
24 hours of observation after the catheterization proce- 
dure. There have been no long-term complications relat- 
ed either to the catheterization or transesophageal echo- 
cardiographic procedures. 


DISCUSSION 

We have demonstrated that the addition of transe- 
sophageal echocardiographic imaging to fluoroscopic 
imaging during transcatheter closure of ASDs enhances 
the ability of the operator to visualize the defect, and by 
affording direct visualization of the atrial septum sur- 
rounding the defect provides important information to 
allow safer and more effective application of this non- 
surgical technique. 


FIGURE 2. A, a 4-chamber angiographic projection of a left 
atrial angiogram with the atrial septal defect (arrows) well de- 
lineated in the middle of the atrial septum. A marker catheter 
is in the descending aorta. B, short-axis transesophageal scan 
of atrial septum, showing atrial septal defect (arrows) with 
shunt flow (blue-green area between arrows) from the left 
atrium (LA) to the right atrium (RA). C, 4-chamber transe- 
sophageal scan demonstrating the atrial septal defect. Shunt 
flow from LA to RA is seen as a blue-green jet across the 
defect (between the arrows). 




















ae, Taaeeg 


In the almost 7 years that TEE has been in common 
clinical use, major complications have been infrequently 
reported.'4 The major concern is esophageal perfora- 
tion, of which there has been 1 episode in an adult and 
whose overall incidence in the adult flexible esopha- 
goscopy experience has been estimated to be 0.02 to 
0.05%.'4-!6 Vocal cord paralysis secondary to recurrent 
nerve compression may be avoided by maintaining an 
air leak and limiting the dwell time of the TEE probe in 


FIGURE 3. A, fluorscopic image of the sizing balloon crossing 
the atrial septal defect with a marker catheter in the descend- 
ing aorta. B, 4-chamber transesophageal scan of interatrial 
septum. Sizing balloon (b) is pulled through the atrial defect to 
obtain the “stretched diameter” of the defect. LA = left 
atrium; RA = right atrium. 


the esophagus.'*:'’ As of this writing, no complications 
have been reported in the relatively small number of 
perioperative studies using TEE in pediatric patients. 
While strict guidelines regarding maximal safe endo- 
scopic size for any given child do not exist, the general 
consensus appears to be that an outer diameter of <9 


FIGURE 4. A, fluoroscopic image of the arms of the distal um- 
brella (arrow) open in the left atrium and the proximal umbrel- 
la still folded in the closed position within the delivery system. 
B, 4-chamber transesophageal scan of interatrial septum. 
Atrial septal defect is partially occluded by atrial septal oc- 
cluder device. The distal umbrella (curved arrow) is partially 
opened on the left atrial side of the septum. The left-to-right 
shunt stream is still apparent (straight arrows). LA = left 
atrium; RA = right atrium. 
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mm can be used in children <2 years of age (provided 
the tracheal airway is secured), and that larger endo- 
scopes (10 to 12 mm outer diameter—the size used for 
the current report) may be used in older children, re- 
membering that tracheal compression may occur in 
children at the younger end of these age ranges for any 
given endoscope size.!®!8.!9 

The current report describes 2 patients in whom 
TEE provided information that enabled successful 
transcatheter atrial defect closure to be accomplished 
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after a previous attempt, without concomitant TEE, had 
been unsuccessful. 

The only case that has resulted in a failed attempt to 
close a residual atrial defect resulted in embolization of 
the double disc occluder into the right ventricular cavi- 
ty. This occurred in the smallest patient in our series. 
TEE was not used in this case, due to the large endo- 
scope size. The device embolized due to the inadequate 
“seating” of the opposing arms of the 2 umbrellas. The 
inadequate positioning was not recognized using fluor- 
oscopy or transthoracic echocardiography. We specu- 
late that TEE with a small pediatric probe, if available 
at the time of catheterization, could have provided im- 
portant information concerning placement of the oc- 
cluder device that was unavailable using alternative im- 
aging techniques. 
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FIGURE 5. A, fluoroscopic image of the fully opened occluder 
properly aligned along the atrial septum completely covering 
the atrial septal defect. The transesophageal probe can be 
seen in the esophagus. B, short-axis transesophageal scan of 
atrial septum shows atrial defect to be completely occluded by 
the 2 opposing occluder umbrellas (curved arrows). C, 4- 
chamber transesophageal scan of the interatrial septum 
shows the atrial defect to be completely occluded by the 2 op- 
posing occluder umbrellas (curved arrows). LA = left atrium; 
RA = right atrium. 
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Addendum: Since submission of this article, patient 
number 3 (Table I) has undergone successful transcath- 
eter closure of the ASD with a 33-mm device at 2 years 
of age using TEE. 
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Incremental Diagnostic Yield 
of Loop Electrocardiographic Recorders 
in Unexplained Syncope 


Mark Linzer, MD, Edward L.C. Pritchett, MD, Michele Pontinen, MA, Elizabeth McCarthy, RN, 
and George W. Divine, PhD 


The Holter monitor, the most frequently used 
diagnostic test in patients with syncope, is 
nondiagnostic in over 90% of cases. This study 
sought to determine the impact of a new noninva- 
sive device, the cardiac loop electrocardiographic 
(ECG) recorder, after Holter monitoring in 57 pa- 
tients with unexplained syncope. All patients un- 
derwent a standardized evaluation protocol and 
wore the monitor for up to 1 month. In 14 patients, 
loop recording definitively determined whether an 
arrhythmia was the cause of symptoms (diagnostic 
yield 25%; 95% confidence intervals 14 to 38%). 
Diagnoses included unsuspected ventricular tachy- 
cardia (1 patient), high grade atrioventricular block 
(2 patients), supraventricular tachycardia (1 pa- 
tient), asystole or junctional bradycardia from neu- 
rally mediated syncope (3 patients) and normal car- 
diac rhythms (the remaining 7 patients). Follow-up 
of all patients diagnosed as having nonarrhythmic 
syncope by loop recording showed that none of 
these patients died suddenly. Cardiac loop ECG 
recording is an important new diagnostic test in 
patients with syncope unexplained by Holter 
monitoring. 

(Am J Cardiol 1990;66:214-219) 
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by a transient loss of consciousness with loss of 
postural tone.'! Despite extensive diagnostic test- 
ing, up to 50% of patients with syncope are never diag- 
nosed.?-4 Although many of these undiagnosed patients 
require invasive electrophysiologic testing, electrophysi- 
ologic studies in syncope are often “negative,” and a 
negative electrophysiologic study does not exclude a sig- 
nificant bradyarrhythmia as the cause of syncope.® The 
only means of diagnosing or excluding an arrhythmia as 
the etiology of syncope is capturing the cardiac rhythm 
during typical symptoms. While Holter monitoring has 
become the routine test used for this purpose,’~!° it is 
infrequently diagnostic. Using strict criteria, the diag- 
nostic yield of Holter monitoring in syncope approaches 
only 10%.*:!° 
The cardiac loop electrocardiographic (ECG) re- 
corder is a new recording device that can be worn for 
months at a time. It has a memory loop that can store 
the previous 1 to 4 minutes of cardiac rhythm when 
activated by the symptomatic patient. We have previ- 
ously reported a patient with recurrent syncope, unex- 
plained by 2 electrophysiologic studies, 6 Holter moni- 
tors and several in-hospital evaluations, who was diag- 
nosed with the loop recorder.'! We have also reported 
our first phase technology assessment of this new device 
in a retrospective evaluation of a separate series of pa- 
tients who underwent loop monitoring for clinical indi- 
cations.'* Based on these encouraging preliminary re- 
sults, we initiated the current prospective study to quan- 
tify the incremental diagnostic yield of 1 month of loop 
recording over Holter monitoring in the evaluation of 
patients with unexplained syncope. 


; ; yncope is a common clinical disorder characterized 


METHODS 

Patient accrual: Patients were solicited from all 
available referral sources, including a tertiary care hos- 
pital inpatient and outpatient services, a busy emergen- 
cy room, a Veterans Administration Medical Center, 
private physician offices and a specialty clinic devoted 
to the evaluation of patients with unexplained syncope. 

Inclusion and exclusion criteria: Patients were eligi- 
ble for study if they had experienced at least 1 episode 
of syncope unexplained by history, physical examina- 
tion, electrocardiogram and at least 24 hours of Holter 
monitoring. Strict diagnostic criteria were used for as- 
signing diagnoses.” Patients who had undergone invasive 
electrophysiologic testing were excluded from study. 





Standard patient evaluation: Before loop recording, 
all patients underwent a standard evaluation consisting 
of a 133-item self-administered patient questionnaire, 
complete history and physical examination with ortho- 
static blood pressure determination, a 12-lead electro- 
cardiogram and carotid sinus massage. Sleep-deprived 
electroencephalography, brain imaging (either comput- 
ed tomography or magnetic resonance), echocardiogra- 
phy or other pertinent diagnostic studies were per- 
formed when indicated. All patients with no diagnosis 
for syncope after the standardized evaluation protocol 
then underwent 24 hours of Holter monitoring, if this 
had not previously been performed. Patients with diag- 
nostic Holter recordings did not undergo loop recording. 
Criteria for diagnostic recordings are as follows (adapt- 
ed from reference 2). Arrhythmic syncope was regarded 
as (1) typical symptoms plus: sinus pause of >3 sec- 
onds; supraventricular tachycardia at >190 beats/min; 
complete atrioventricular block; Mobitz II second-de- 
gree heart block; and ventricular tachycardia lasting 
>10 seconds; or (2) asymptomatic clinically significant 
arrhythmias including: sinus pause >3 seconds; atrial 
fibrillation with a slow ventricular response (RR inter- 
val >3 seconds); supraventricular tachycardia at a rate 
>190 beats/min; complete atrioventricular block; Mo- 
bitz II second-degree heart block; alternating bundle 
branch block pattern suggesting infra-Hisian block; ven- 
tricular tachycardia lasting >30 seconds. Nonarrhyth- 
mic syncope was defined as typical symptoms without a 
simultaneously clinically significant arrhythmia (as de- 
fined previously). Indeterminate Holter recording 
was absence of symptoms and absence of arrhythmias; 
asymptomatic premature ventricular or atrial contrac- 
tions; asymptomatic nonsustained ventricular tachycar- 
dia lasting <30 seconds; isolated, brief runs of supra- 
ventricular tachycardia; and asymptomatic atrial fibril- 
lation or flutter. 

The loop recorder: This new monitoring device 
evolved from real time event recorders. The newer de- 
vice has digital memory (freeing the patient from the 
necessity of immediate access to a telephone) as well as 
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FIGURE 1. Study design for loop recorder protocol. 


a “leading edge” memory loop that continuously stores 
several minutes of the electrocardiogram in digital 
form. The monitor is activated by the patient pushing a 
“record” button during the prodrome of an event or 
upon arousal. The device then stores the previous 1 to 4 
minutes of cardiac rhythm in memory as well as the 
subsequent 30 to 60 seconds of rhythm. The recorded 
ECG tracing is transmitted via telephone to a central 
receiving station for interpretation. 

The original model of loop recorder used in the cur- 
rent protocol was the “instant replay” device (Instro- 
medix, Inc.), with 64 seconds of retrospective and 32 
seconds of prospective rhythm. A later model, called the 
“King of Hearts,” was used on a small number of pa- 
tients toward the end of the study. This model is able to 
be programmed for the desired amount of replay time. 
It has a maximal capacity of storing 5 minutes of 
rhythm, 4 minutes retrospective and 1 minute prospec- 
tive. The King of Hearts is 5.5 X 3.0 inches, and weighs 
150 g. It uses 3 AAA batteries, which are changed ev- 
ery 14 days. Both recorders require the use of 2 stan- 
dard Holter monitoring electrodes, changed every 2 
days. Typical current patient charges at Duke for the 
“King of Hearts” recorder are $140/month, plus a $10 
charge for each transmission. The charge for 24 hours 
of Holter monitoring is $254. 

Study design: Patients with nondiagnostic Holter re- 
cordings were provided with a loop recorder for 1 
month’s use (Figure 1). A test ECG strip was transmit- 
ted by the patient before leaving the clinic to ascertain 
ability to use the device correctly. Patients were contact- 
ed weekly by the study data technician to discuss any 
difficulties in machine use, and a test ECG strip was 
transmitted after each contact. 

If the patient developed typical syncopal or presyn- 
copal symptoms during the month of monitoring, a strip 
recorded during the event was transmitted to the receiv- 
ing station in the principal investigators’ laboratory. If a 
significant arrhythmia was found, the monitoring was 
stopped and appropriate treatment was instituted. If a 
normal cardiac rhythm was seen (e.g., normal sinus 
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rhythm or sinus tachycardia), and the patient or observ- 
er was certain that the record button had been de- 
pressed immediately after the event, then the patient 
was reassured that symptoms were not due to an ar- 
rhythmia. The patient was then referred back to the pri- 
mary physician for further evaluation or follow-up. If a 
strip was of poor quality, or if the patient was not cer- 
tain that the button had been depressed in close proxim- 
ity to the event, then monitoring was continued for the 
remainder of the month or until a diagnostic recording 
was obtained. 

The primary outcome measure of the study was the 
number of patients for whom a clear recording of cardi- 
ac rhythm was obtained during a typical syncopal event, 
or for whom a recording obtained during atypical symp- 
toms or on a test ECG strip showed a serious tachyar- 
rhythmia or bradyarrhythmia considered diagnostic for 
syncope. Patients with any of these outcomes were con- 
sidered to have a “diagnostic” recording period, even if 
the diagnosis was that of “nonarrhythmic syncope.” The 
latter was considered diagnostic because the documen- 
tation of the absence of a primary arrhythmia during 
syncope was of profound importance to patient and 
physician. The diagnostic yield was calculated as the 
number of diagnostic loop recorder studies divided by 
the total number of studies performed. Patient follow- 
up was performed by the study data technician as part 
of the routine data collection for the larger set of pa- 
tients with syncope seen at the syncope specialty clinic. 

This study was approved by the hospital Institutional 
Review Boards and the Scientific Advisory Committee 
of the Clinical Research Unit. 

Statistical methods: Medians and percentages were 
computed for most variables. Comparisons between the 
diagnosed and nondiagnosed patient groups were per- 
formed using the Wilcoxon rank sum and chi-square 
tests. 

Sample size: To obtain reasonable precision in the 
study’s diagnostic yield estimate, a sample size of be- 
tween 50 and 75 patients was sought. Assuming an ex- 
pected diagnostic yield of 15%, 50 patients would give a 
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Outcome 


Diagnosis made from recording 
Ventricular tachycardia 1 


Supraventricular tachycardia 1 
AV block 2 
Mobitz II block 1 
Alternating right BBB and left BBB 1 
Neurally mediated syncope 3 
Malignant vasovagal syncope (prolonged asystole) 2 
Nonasystolic bradycardia 1 
Nonarrhythmic syncope 7 
Normal sinus rhythm 5 
Sinus tachycardia 2 
Nondiagnostic (indeterminate) monitoring period 43 
Events occurring but undiagnosed 18 
No events during monitoring period 25 





AV = atrioventricular; BBB = bundle branch block. 


95% confidence interval of approximately +10%; 75 pa- 
tients would give an interval of approximately +8%. 


RESULTS 

Patient characteristics: Fifty-seven patients were 
entered into the current study. Most patients were re- 
ferred for study through the syncope specialty clinic. 
The median patient age was 54 years; 33% of patients 
were over 65 and 42% were men. Thirty-five percent of 
patients gave a history of heart disease. Median dura- 
tion of syncope was 12 months. The median number of 
episodes of syncope before loop recording was 10, and 2 
of the patients had just 1 prior episode. In the functional 
status assessment, 53% of patients noted an inability to 
drive, 33% an inability to work and 60% described de- 
pression or anxiety symptoms due to syncope. All pa- 
tients had undergone at least 24 hours of Holter record- 
ing. Many patients had undergone additional extensive 
cardiac and neurologic evaluations. None of the patients 
had had an electrophysiologic study. 

Diagnostic yield: Thirty-two of the 57 patients 
(56%) had typical syncopal or near-syncopal events dur- 
ing the month of loop recording (Figure 2). Eighteen of 
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FIGURE 2. Flow diagram for patient outcomes in loop recorder study. 
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TABLE Il Causes for Inadequate Transmissions in 18 
Patients Who Had Events During Monitoring but Remained 
Undiagnosed 


Difficulty 


Poor electrode contact 

Patient did not push “record” button during event 
Poor telephone connection during transmission 
Patient not wearing monitor during event 

Patient inadvertently did not turn monitor on 
Faulty electrode wire connection with device 
Event captured, but erased before transmission 


* Individual patients may have experienced >1 problem during the monitoring 
period. 





these 32 were not diagnosed either due to patient error 
(14) or device malfunction (4). Fourteen of the 57 (di- 
agnostic yield 25%; 95% confidence interval 14 to 38%) 
were diagnosed by the loop recorder, 7 as arrhythmic 
syncope and 7 as nonarrhythmic. The results of loop 
recording are listed in Table I. The mean duration of 
monitoring before diagnosis was 1 week. Figures 3 and 
4 show the usefulness of the loop recorder in diagnosing 
2 young female patients whose episodes of recurrent 
syncope were initially felt to be of a “benign” nature. 
Predictive factors: Specific clinical factors were se- 
lected for analysis as predictors of efficacy of loop re- 
cording. Number of episodes before loop recording 
tended to be higher in the loop recorder diagnostic 
group than in the nondiagnostic group (median, 15 vs 
10 episodes, p = 0.13 by Wilcoxon rank sum test). The 
frequency of symptoms in the 6 months before loop re- 
cording was high in both groups (over 70% of patients 


FIGURE 3. Loop monitor 
rhythm strip of 31-year- 
old woman with a normal- 
heart and 22 years of re- 
current syncope showing 


tachycardia. Asterisk de- 
notes event marker. 





having symptoms at least once a month). Duration of 
syncope before loop recording was not predictive of out- 
come. Age was inversely associated with diagnostic per- 
formance of the loop recorder (median age of diagnostic 
group vs median of nondiagnostic group 34 vs 61, p = 
0.02 by Wilcoxon). However, 2 elderly patients were 
able to transmit strips showing high degree atrioventric- 
ular block. Both of these patients received permanent 
pacemakers and have been free of syncope since pace- 
maker implantation. 

Compliance and difficulty using the recorders: Fif- 
ty-one percent of patients completed the monitoring pe- 
riod without difficulty. While 23% were allergic to the 
electrode tape, the subsequent use of hypoallergenic 
electrodes allowed most of these patients to finish the 
monitoring period. Seven percent of the patients studied 
were intimidated by the monitors (all of these were old- 
er than the median patient age of 54). An additional 
20% were noncompliant with monitor use, refusing to 
wear the device or operate the machine appropriately. 

Eighteen patients experienced syncopal events dur- 
ing the monitoring period but remained undiagnosed. 
Their inability or unwillingness to capture an event or 
transmit an interpretable rhythm strip highlights certain 
key problems with the use of the loop recorder (Table 
II). 

Follow-up: Follow-up ranging from 2 weeks to 18 
months (median 6 months) was completed for 96% of 
the study patients. Of the patients diagnosed by loop 
recording as having cardiac syncope (7), all have been 
either free of syncope (6) or markedly improved (1) af- 
ter treatment. Those patients with nonarrhythmic syn- 
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cope (7) have continued to have symptoms, although 
some (3) have improved after diagnosis of a psychiatric 
etiology for syncope!’ and initiation of psychopharma- 
cologic therapy. None of the patients in the nonarrhyth- 
mic group have died suddenly (1 died of progressive 
pulmonary hypertension) and none have required inva- 
sive electrophysiologic testing. 


DISCUSSION 

Using a new noninvasive commercially available 
monitoring device, the cardiac loop ECG recorder, we 
were able to determine in 25% of patients with recur- 
rent syncope whether an arrhythmia was responsible for 
their symptoms. In follow-up, patients diagnosed with 
cardiac syncope by loop recorder did well with treat- 
ment, while those with nonarrhythmic syncope by loop 
recorder did not develop signs of cardiac syncope, did 
not die suddenly, and, despite persistent symptoms, did 
not require invasive cardiac studies. Thus, loop record- 
ers were able to diagnose an important proportion of 
patients with recurrent symptoms, and help reassure 
other patients and physicians that arrhythmias were not 
the cause of symptoms. 

The diagnoses found by loop recording were impor- 
tant. The 1 patient found to have ventricular tachycar- 
dia was entirely unsuspected. Her history was not sug- 
gestive of a ventricular tachyarrhythmia, and she had a 
normal heart by echocardiogram and gated blood pool 
scanning. The heart block found in the 2 diagnosed el- 
derly patients led to permanent pacemaker implanta- 
tions that alleviated syncopal symptoms. Two patients 
with neurally mediated syncope and asystole were either 
cured or markedly improved with permanent pacing. 

Loop recorders hold numerous advantages over 
Holter monitors. First, they can be worn for extended 
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periods of time. Second, they capture, for the most part, 
only the rhythm of interest: that is, the rhythm occur- 
ring during symptoms. Third, loop recorders are rela- 
tively inexpensive. In our patients, the mean time to di- 
agnosis was 1 week. While the charge for 1 week of loop 
recording is approximately $150 (the same charge as 1 
month of recording), 7 24-hour Holter monitors would 
cost over $1,750 in patient charges. 

The diagnostic yield of loop recorders found in our 
study (25%) compares favorably with other available di- 
agnostic tests in syncope. Holter monitoring determines 
an arrhythmic or nonarrhythmic basis for syncope only 
10% of the time. Electrophysiologic studies induce an 
arrhythmia responsible for syncope in 12 to 40% of 
cases.'4-'8 However, a negative electrophysiologic study 
does not exclude a significant arrhythmia as the cause 
of syncope.>-®!9 

Previous studies have described transtelephonic 
monitoring devices with memory loops used to diagnose 
patients with a variety of symptoms, including dizziness, 
presyncope and syncope.?”-?? These studies have shown 
varying degrees of diagnostic capacity of the devices 
(ranging from 50 to 68% of patients). Our study looked 
exclusively at patients with syncope, and used a rigorous 
protocol for evaluation. Thus, while our diagnostic yield 
is lower, the results of the study are more generalizable. 

Neurally mediated syncope**?+ was diagnosed by 
loop recording in 3 of our patients. In these patients, 
loop recording disclosed a sinus tachycardia, followed 
by a sudden bradycardia, oftentimes with a subsequent 
sinus pause or junctional rhythm, and then a gradual 
acceleration to a normal sinus mechanism. This pattern 
of response has been described by Waxman et al?” in 
patients who developed “neurosyncope”’ on the tilt table. 
The precise role of monitoring in diagnosing neurally 





FIGURE 4. Loop monitor 
rhythm strip of 30-year- 
old woman with recurrent 
syncope and presyncope 
showing prolonged period 
of asystole. Asterisk de- 
notes event marker initi- 
ated by observer. Of note, 





mediated syncope awaits further study of larger num- 
bers of patients subjected to both tilt table studies and 
loop recording. 

Unfortunately, the loop recorder was not of as much 
benefit in the elderly as in the younger patients. Many 
elderly patients were intimidated by the devices. Despite 
the assistance of family members, a large number of 
older patients, especially those with cognitive impair- 
ment, seemed unable to tolerate the daily use of the 
recorders. 

The elderly were not the only patients, however, who 
had difficulty using the monitors. Some younger pa- 
tients felt constrained in their daily lives by the device. 
Patients with a short prodrome and prolonged loss of 
consciousness were unable to activate the device in a 
timely manner. The sequence of recording, transmitting, 
erasing and restarting the monitor was too complicated 
for several patients to master, despite their being trained 
in the use of the monitor by the investigative team. It is 
anticipated that future “generations” of recorders (with 
easier instructions for use and programming for auto- 
matic arrhythmia detection) will improve patients’ use 
of the devices. 

There are some strengths and some limitations to the 
current study. It was prospective, and all patients under- 
went a standardized evaluation. Limitations include the 
bias resulting from a referral population, the small sam- 
ple of studied patients and the potential lack of general- 
izability of the patient sample due to the presence of 
frequent syncopal episodes. In addition, there is no 
“sold standard” with which to compare loop recording. 
However, by capturing the cardiac rhythm at the time 
of typical symptoms, loop recording may eventually be 
considered the gold standard diagnostic test in patients 
with unexplained syncope. 
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Evaluating Effects of Treatment in Subgroups of 
Patients Within a Clinical Trial: The Case of Non- 
Q-Wave Myocardial Infarction and Beta Blockers 


Salim Yusuf, MRCP, DPhil, Janet Wittes, PhD, and Jeffrey Probstfield, MD 


ost medical researchers believe that randomized 
M ii trials are the best means of evaluating 

the effects of a treatment on outcomes in a 
particular disease.! Randomized clinical trials are par- 
ticularly important when the plausible effect is only 
moderate, e.g., a 15, 20 or 25% reduction in the risk of 
developing a major adverse outcome such as death, re- 
infarction or stroke.** In order to detect moderate 
treatment effects reliably, the errors inherent in the 
clinical trial must be relatively small. Two sources of 
errors, systematic biases and random errors, occur and 
both should be minimized. Both these “errors” affect 
the reliable detection of treatment effects in a trial as a 
whole or in subgroups within the trial.? 

Systematic biases in a single trial are avoided by the 
allocation of patients to active treatment or control by 
using strict randomization (not by alternating, odd-even 
dates or any other method that allows foreknowledge of 
treatment assignment). Further, analyses should include 
all randomized patients and the results should be re- 
ported based upon rules established in the protocol or 
before knowledge of the results. Random errors are 
chiefly avoided by having studies of sufficient size and 
by combining the results of several related trials. For 
most common treatments of interest in cardiovascular 
disease, because the plausible range of effects is only 
about 15 or 20%, often several hundred to about a thou- 
sand events are needed to reach reliable conclusions.?4 
Even when the above criteria are satisfied, we are only 
in a position to provide reliable answers regarding the 
average effects in the overall trial, but not about the 
effects in specific subgroups. How, then, should one ap- 
ply the results of a trial to specific subsets of patients, 
each subset being only a part of the overall data? In this 
commentary, we will point out the following: the treat- 
ment effect is likely to be qualitatively similar (i.e., in 
the same direction) in all subgroups of patients without 
obvious contraindications to treatment but is also likely 
to be quantitatively dissimilar (differences in degree of 
effect) even when the effects appear to be identical; and 
estimates of treatment effect within a subgroup chosen 
for special emphasis are usually “biased” and so the 
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most appropriate estimate in a subgroup is closer to the 
overall result. 

Low likelihood of differences in kind (qualitative in- 
teraction) but higher likelihood of differences in degree 
(quantitative interaction): Patients who are thought to 
be clearly benefited or definitely harmed by a given 
treatment are usually not entered into trials. Therefore, 
a priori, trials exclude the “extremes” expected on bio- 
logic and pharmacologic grounds. The low likelihood of 
qualitative interactions in a trial is supported by the ex- 
periences from cardiovascular clinical trials conducted 
in the last 3 decades.?4 Claims made in individual trials 
for apparent qualitative interactions between various 
subgroups have not been replicated in further studies. 
For example, Andersen et al° claimed that long-term 6 
blockade is beneficial among patients <65 years of age 
and harmful in those older. The international practolol 
study claimed that treatment was only beneficial among 
those with anterior infarction, but not among those with 
inferior infarction.® In both cases, subsequent studies 
showed benefit in the elderly and in those with inferior 
myocardial infarction (MI). Another example concerns 
the evaluation of thrombolytic agents in acute MI. 
Many investigators were so convinced that treatment 
>6 hours would be of little benefit that several studies 
excluded such patients (i.e., a strong prior expectation 
of a qualitative interaction). The available data suggest, 
however, that even delayed treatment provides about 
two-thirds of the benefit of earlier treatment (a quanti- 
tative interaction).3-’ 

Biases and errors in detecting subgroup effects 
within a trial: STATISTICAL POWER: In a trial designed 
with power adequate to detect a given difference in the 
overall trial, the power to detect similarly sized differ- 
ences within the various subgroups is substantially low- 
er. The smaller the subgroup, the lower the power. For 
example, the 6 Blocker Heart Attack Trial (BHAT), 
which randomized about 4,000 patients, was designed to 
have 90% power to detect an overall reduction in mor- 
tality of 25%.8 To have 90% power of detecting a similar 
effect in a specific subset of patients (with similar event 
rates), one would need 4,000 patients in each subset of 
interest. Conversely, in a trial such as BHAT, which 
provides a clear result overall, even if the effect is identi- 
cal in several large subsets, random variation may exag- 
gerate or dilute the effects so that some subgroups may 
spuriously appear to have a large effect and others no 
effect or even a harmful effect. A practical demonstra- 
tion of this point is an analysis reported by the Second 
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TABLE I Example of ‘“‘Subgrouping” in International Society 
for the Investigation of Stress-2: Astrology and Aspirin 






Vascular Mortality at Week 5 











Odds 
Decrease 
(% + SD) 






Aspirin Placebo 
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Patients born under 150/1,357 147/1,442 8% adverse 
Libra and Gemini* (11.1) (10.2) (NS) 
Patients born under 654/7,228 868/7,157 26%+5 
other “birth signs” (9.0) (12.1) (p < 0.0001) 
Overall results 804/8,587 1016/8600 23%+4 
(9.4) (11.8) (p < 0.0001) 











* The best estimate in this subgroup is probably closer to the overall results than to 
the apparent effect observed in this subgroup alone. 
NS = not significant; SD = standard deviation. 







TABLE Il Hypothetical Subgroup Effects Illustrating the 
“Play of Chance” in a Trial That Shows Clear Overall Benefit 


Treatment Control Risk 


(%) (%) Decrease (%) pValue 


240/3,000 300/3,000 
(8) (10) 
80/1,000 100/1,000 
(8) (10) 
70,1,000 110/1,000 
(7) (11) 
90/1,000 90/1,000 
(9) (9) 


The probability of observing B or C, if only one trial were conducted and only 3 
subgroups were examined, is about 11 and 6% respectively. However, for most 
questions, often several trials are conducted and large numbers of subgroups are 
examined. Therefore, the probability of observing B or C within any single trial 
increases substantially. 

* Effect observed (20% risk decrease) is identical to the overall result, but because 
size of the subgroup is only one-third that of the overall trial, the difference is not 
statistically significant; ' The 180 deaths (the same as in subgroup A) are split differ- 
ently. Play of chance has decreased by just 10 deaths in the treated group (i.e., 80 — 
10 = 70) and increased the number of deaths by 10 in control group (100 + 10 = 
110). Observed treatment effect is large (36% risk decrease) and is highly significant 
(p < 0.001); * Reverse of situation B. Play of chance has diluted the result so that 
there are 90 deaths each in the treated and control groups (0% risk decrease). 

NS = not significant. 


Overall result 
Subgroup A* 


Subgroup Bt 


Subgroup Ct 





International Study of Infarct Survival.’ Despite over- 
whelming evidence that aspirin decreased mortality 
overall, 2 subgroups (those born under the astrologic 
signs of Libra and Gemini) appeared to be harmed (Ta- 
ble I). In this case, it is highly likely that the true effects 
in patients in these 2 subgroups is closer to the overall 
trial result than the apparent harm observed within 
these subgroups. 

The probability of observing apparent variations in 
the sizes of effect among different subgroups when, in 
fact, there are none, is greater than observing similar 
results. An example of the play of chance with sub- 
groups in a hypothetical trial that provides a clear result 
overall is listed in Table II. If one examined the effects 
in several subgroups, the play of chance would appear 
to exaggerate (subgroup B) or dilute (subgroup C) the 
results in some subgroups. In subgroup A, even though 
the apparent results are identical to the overall result, 
the smaller sample size renders the difference not statis- 
tically significant. Furberg and Byington? examined the 
effects of propranolol in about 150 subgroups in the 
BHAT (Figure 1). Although the estimated effects are 


clustered around the overall effect, a few effects in 
small subgroups appear to be much more extreme. This 
pattern, which approximates a “normal” distribution, 
suggests that there is no real heterogeneity of effect 
among the various subgroups in this trial. 

STATISTICAL MULTIPLICITY: Examination of multiple 
subgroups makes it very difficult to interpret a claim of 
Statistical significance at a given p value, (e.g, p = 
0.05). For example, in tests of 2 truly comparable treat- 
ments, examining numerous subgroups will almost 
guarantee that at least 1 comparison will be “nominally 
significant.” Conversely, even if a treatment were truly 
effective in all subgroups, examination of numerous 
subgroups will generate some in which there appears to 
be no effect or even a harmful effect (Figure 1). 

BIASES IN EMPHASIZING SUBGROUP EFFECTS: Reports of 
trials may emphasize the most striking subgroup effects 
even if they were found on post hoc analyses. Because 
such “extreme” results are largely the product of ran- 
dom errors, describing or estimating the effects within 
that extreme subgroup alone without formally placing 
the observations in the context of the overall result and 
similar analyses of other relevant trials is usually biased 
and often misleading. A more appropriate analysis 
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FIGURE 1. Overall propranolol showed a 25% decrease in 
risk of death with the 8 Blocker Heart Attack Trial. The mor- 
tality rate in the control group was about 10%. Therefore, the 
average absolute decrease was 2.5%. All the large subgroups 
(white area >2,174 patients) and most of the intermediate 
size subgroups (stippled area 988 to 2,173 patients) are clus- 
tered around the mean decrease of 2.5%. Of the 150 sub- 
groups examined, only the small (dark area <987 patients) 
ones show an apparent lack of effect or extreme benefit. This 
pattern indicates that there is no real heterogeneity of treat- 
ment effect. 
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would use methods that account for the number of sub- 
groups, their relation to other subgroups and the size of 
the effect within the subgroups and overall.'° 

REPLICATION AND CONSISTENCY OF FINDINGS: Observed 
subgroup effects (whether based on prior hypotheses or 
not) should be tested in other related studies. Only if a 
consistent pattern emerges from most or all of these 
studies should the subgroup effect be believed. A formal 
approach would be to collect the data systematically 
from all relevant trials, not just the ones that report it, 
as it is probable that the effects in the remaining studies 
were quite unremarkable. Even if the real effects of 
treatment are similar in several subgroups, the play of 
chance can produce apparently discordant results for 
some of the subgroups in different trials. 

Effects of beta blockers in patients with Q-wave 
and non-Q-wave myocardial infarction: In this issue, 
Gheorghiade and his colleagues report post hoc “hy- 
pothesis-generating” subgroup analyses from BHAT.!! 
BHAT showed a clear decrease in mortality with long- 
term 8 blockers in the overall trial. The overall results 
are consistent with a large body of evidence from 24 
trials on a total of about 20,000 patients. An overview 
of all trials indicates a 23% decrease in mortality (95% 
confidence interval in 15 to 31%, p <0.0001). In 
BHAT, there were fewer nonfatal myocardial infarc- 
tions in the treated group (4.4% propranolol vs 5.3% 
placebo), but this difference was not statistically signifi- 
cant. Several other trials, however, showed similar re- 
sults. Indeed, the data from all trials clearly indicate 
that nonfatal MI is decreased by 26% (95% confidence 
interval of 17 to 34%; p <0.0001).!? Gheorghiade et al!’ 
observed no benefit of propranolol among the 601 pa- 
tients with non-Q-wave MI and therefore hypothesized 
that 8 blockers are ineffective in such patients. One has 
to evaluate their analysis and hypothesis against the 
substantial reports that show very clear evidence of de- 
creases in mortality and reinfarction of about 25% over- 
all. The suggestion that 6 blockers may be ineffective 
among patients with non-Q-wave MI is likely to be spu- 
rious for the following 4 reasons. 

First, the results in these subgroups are not signifi- 
cantly different from each other (chi-square for hetero- 
geneity of the log odds ratio is not significant). Because 
BHAT examined the effects in about 150 subgroups, a 
number of small subgroups, which includes non-Q-wave 
MI, may appear to have no benefit simply by chance 
(Figure 1). 

Second, the power to detect a difference of 25% (the 
difference observed overall) is very low (roughly 15%). 
The 95% confidence intervals of the effect in those with 
non-Q-wave MI easily include a 30% risk decrease. 
Even if the analysis had shown a modest adverse effect, 
given the small size of the subgroup, it could still be 
consistent with a worthwhile decrease (e.g., 20 to 25%) 
in mortality and reinfarction. 

Third, the results are directly contradicted by the 
timolol trial results, which showed a “significant” de- 
crease in mortality among those with non-Q-wave MI 
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(14% in placebo vs 7% among treated patients; nominal, 
p <0.05).!° 

Last, the likelihood of benefit in non-Q-wave MI is 
indirectly strengthened by observations in several of the 
trials of early intravenous 8 blockade that indicate pre- 
vention of MI among those without ST elevation on the 
entry electrocardiogram (most of whom probably have 
a patent infarct-related artery, which is a common fea- 
ture of non-Q-wave MI).!4!5 Moreover, the decrease in 
mortality is similar among those with and without ST 
elevation on the entry electrocardiogram.'® 

If we use all available information and recognize the 
limitations of the sort of subgroup analysis presented by 
Gheorghiade et al,'' we conclude that § blockers are 
likely to benefit patients with non-Q-wave MI, as well 
as those with Q-wave MI. The size of the benefit for 
non-Q-wave MI is less clear, but is likely to be closer to 
the 25% decrease in mortality and reinfarction that is 
observed in an overview of all trials. Therefore, patients 
with non-Q-wave MI should be considered for prophy- 
lactic therapy with 6 blockers. 
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Pacemaker Therapy in Congestive Heart Failure 


Abdulmassih S. Iskandrian, MD 


used in the treatment of congestive heart failure 

(CHF) continues to expand and provide symp- 
tomatic improvement to many such patients. It is clear 
that short-term responses to drug therapy do not always 
predict long-term effect; hemodynamic improvement 
does not always translate to symptomatic improvement 
and an increase in exercise performance does not always 
predict a better prognosis. Most patients with CHF 
have severe left ventricular (LV) dysfunction with a de- 
crease in ejection fraction (EF) and dilatation at both 
end-diastole and end-systole; isolated diastolic dysfunc- 
tion is uncommon. Further, improvement in symptoms 
with drug therapy often occurs with no or only modest 
improvement in EF.!-3 

The Frank-Starling curve depicting the LV function 
in patients with CHF is shifted to the right and is often 
flat. Hence, considerable changes in end-diastolic vol- 
ume may occur with only modest changes in stroke vol- 
ume. Thus, the left ventricle appears to have exhausted 
the preload reserve and is very sensitive to changes in 
afterload. Decrease of the inappropriately high after- 
load in CHF has been the mainstay of vasodilator ther- 
apy because of the inverse relation between afterload 
and systolic performance. 

It is possible that symptomatic improvement with 
vasodilator therapy in part is also due to a decrease in 
secondary mitral regurgitation because of decrease in 
LV size and thus, in the size of the mitral valve annu- 
lus.45 The decrease in mitral regurgitation improves 
the forward cardiac output, although the EF may not 
change. 

In studies using rapid atrial pacing, we and others 
have observed a decrease in LV size that is explained by 
the decrease in diastolic filling period.®-* In normal sub- 
jects, the decrease in end-diastolic volume is accompa- 
nied by a decrease in stroke volume, but no change in 
cardiac output because of the proportional increase in 
heart rate. The decrease in end-diastolic volume is ac- 
companied by a decrease in end-diastolic pressure. In 
patients with coronary artery disease, pacing-induced 
ischemia may, however, cause increased LV stiffness 
and an increase in end-diastolic pressure. 

In 1986, we hypothesized that pacing may be benefi- 
cial in some patients with CHF for 2 reasons.’ In pa- 


T= armamentarium of pharmacologic agents 
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tients with dilated cardiomyopathy due to coronary ar- 
tery disease, segments remote from the infarcted myo- 
cardium show wall motion abnormality, although the 
coronary artery supplying these segments is patent and 
the perfusion pattern by thallium imaging is normal, in- 
dicating cellular viability. The possible reason for this 
dysfunction may be slippage of the myofibrils and over- 
stretching of the sarcomeres beyond the L-max result- 
ing in a decrease in tension and force and velocity of 
shortening. The second reason is that a decrease in LV 
end-diastolic volume is probably more than the decrease 
in stroke volume because of the flat nature of the 
Frank-Starling curve. Such a small decrease in stroke 
volume is more than compensated by the pacing tachy- 
cardia and by any improvement in the velocity and ex- 
tent of shortening resulting from better alignment and 
overlap between the thick and thin filaments. The de- 
crease in end-diastolic volume will result in a decrease 
in LV filling pressure. Further, since pacing also causes 
a decrease in right ventricular end-diastolic volume, and 
hence, in right ventricular filling pressure, such a reduc- 
tion may additionally decrease the LV filling pressure 
via the interaction between the 2 ventricles through the 
common septum and the pericardium. Obviously, pa- 
tients who will benefit from pacing therapy should not 
have severe CAD and thus may be at risk of developing 
myocardial ischemia, even at the modest pacing rate of 
approximately 100 beats/min. The decrease in end-dia- 
stolic volume may also result in a decrease in the secon- 
dary mitral regurgitation and tricuspid regurgitation 
and improvement in forward cardiac output. Third, 
to benefit from pacing, patients should have a resting 
bradycardia, either due to sinus node dysfunction or 
secondary to drug therapy. We also hypothesized that 
atrial pacing is the preferred method of pacing because 
it maintains the atrial contribution to ventricular filling 
and maintains the sequence of activation of both ventri- 
cles. Regional asynergy and a decrease in EF has been 
observed in patients with ventricular pacing and fixed as 
well as rate-related left bundle branch block. 

In this issue of the journal, Hechleitener et al!° re- 
port symptomatic improvement in 16 patients with 
CHF using atrioventricular-sequential pacing. Their pa- 
tients were apparently refractory to conventional thera- 
py and were in New York Heart Association functional 
classes III and IV. They noted an increase in LVEF by 
radionuclide angiography (but no change in fractional 
shortening by 2-dimensional echocardiography) and a 
modest decrease in LV, right ventricular and left atrial 
dimensions. However, only 4 of their 16 patients had an 
increase in heart rate with pacing. The mean heart rate 
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for the group actually decreased after pacing, but the 
authors did not provide the heart rates during Holter 
monitoring. They concluded that the improvement in 
symptoms was mainly due to a decrease in atrioventric- 
ular conduction delay (set by the pacer at 100 ms), 
which decreased mitral regurgitation and also preserved 
atrial systole. This study has the following limitations: 
there are no quantitative exercise data; there are no se- 
rial measurements to compare atrial vs atrioventricular- 
sequential pacing and to determine the optimum pacing 
rate and the optimum atrioventricular conduction delay; 
there are no quantitative data of the degree of mitral 
and tricuspid regurgitation (at rest and during exercise); 
there are no data on importance of atrial contribution to 
LV filling; and there are no LV volume measurements, 
no measurements of right ventricular function and vol- 
ume; and the prognostic data are not adequately de- 
fined. Answers to these questions are important to our 
understanding of relative role of pacing in CHF. Al- 
though the work by Hechleitener et al!° is preliminary, 
the authors are to be congratulated for taking the first 
step using a new approach in patients with refractory 
CHF. 
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BRIEF REPORTS 


“Ischemic” ST-Segment Changes During the Pericatheterization 
Period in Men with Angiographically Confirmed Coronary 


Artery Disease 


E. Joseph Bauerlein, MD, Eduardo J. de Marchena, MD, Paula M. Wozniak, BS, Celia Michaels, PhD, 
Mark Ackerman, PhD, Robert J. Myerburg, MD, and Kenneth M. Kessler, MD 


si ischemia has been characterized by ST-seg- 
ment shifts in the absence of angina and has been 
shown to be associated with an adverse prognosis in some 
patient subgroups.'-4 The detection of silent ischemia by 
ambulatory monitoring has increased in popularity.*6 
Some studies of silent ischemia have enrolled untreated 
patients with known coronary artery disease (CAD) and 
positive exercise stress tests. This bias in the pretest likeli- 
hood of the presence and severity of disease is likely to 
limit the clinical application of such studies. Further- 
more, withdrawing medications in order to assess risk 
would seem inappropriate in everyday clinical practice. 
This study was designed to look at the ambulatory elec- 
trocardiographic monitoring detection of “ischemic” ST- 
segment changes during the pericatheterization period in 
50 patients admitted for cardiac catheterization. Each 
patient had cardiovascular symptomatology severe 
enough to warrant cardiac catheterization, but the pre- 
test likelihood of the detection of ischemia had not been 
biased by prior diagnostic studies or a change in treat- 
ment. Thus, the study was specifically designed to relate 
to patients in a practical clinical setting. 

Fifty patients undergoing cardiac catheterization 
were monitored (49 men and 1 women, mean age 59 + 10 
years). Ten additional patients were studied but exclud- 
ed due to an uninterpretable database, including left 
bundle branch block in 2 patients, digitalis effect in ] 
patient, incomplete or unstable recordings in 6 patients 
and a coronary artery fistula in I patient. Patients who 
had had a prior cardiac catheterization were excluded 
because of the potential training effect on their ischemic 
response. The report is limited to the 34 men with defi- 
nite angiographic evidence of significant narrowing of 
21 major coronary artery. The indication for cardiac 
catheterization in these 34 men were the following: stable 
angina in 24 patients; unstable angina in 2 patients; atyp- 
ical chest pain in 3 patients; and an abnormal exercise 
stress test or electrocardiogram without chest pain 
symptoms in 5 patients. 

Ten patients had a history of prior myocardial in- 
Sarction and 2 patients had a history of congestive heart 
failure. The mean ejection fraction of the group was 59 
+ 8%, All patients remained on their prescribed medical 
regimen, with 11 patients receiving nitrates, 14 patients 
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TABLE I Characteristics of Patients With (+ST) and Without 
(—ST) ST-Segment Changes 







+ST (%) 
(n= 6) 


—ST (%) 
(n = 28) 











Typical angina 6 (100) 20 (71) 
Unstable angina 1 (17) 1 (4) 

















Medical therapy 5 (83) 18 (64) 
Nitrates 3 (50) 8 (29) 
b Blockers 1 (17) 9 (32) 
Calcium blockers 3 (50) 11 (39) 

Angiographic narrowing >50% 
Left main 0(0) 2 (5) 
3 arteries 2 (25) 3(7) 
2 arteries 2 (25) 14 (33) 
l artery 2 (25) 9 (21) 






receiving calcium antagonists, 10 patients receiving B- 
adrenergic blocking agents and 11 patients receiving no 
medical therapy. 

All patients were hospitalized for 224 hours before 
the cardiac catheterization. E lectrocardiographic fre- 
quency-modulated signals (leads II and Vs) were re- 
corded using an Oxford Medilog 4000 system. The re- 
corder leads were attached after obtaining consent for 
this study, but before obtaining consent for the cardiac 
catheterization and were removed temporarily during 
the actual cardiac catheterization procedure. This re- 
sulted in a mean recording time of 14 + 2 hours before 
cardiac catheterization and 6 + 4 hours after, for a total 
of 20 + 3 hours of pericatheterization monitoring. The 
occurrence of symptoms and the use of sublingual nitro- 
glycerin were noted by diary and the hospital record. The 
tapes were transcribed with trend analysis and full dis- 
closure of positive events that were reviewed by = 2 inde- 
pendent readers, each blinded to the results of the cardi- 
ac catheterization and prior exercise stress test. A posi- 
tive “ischemic” event was defined as horizontal or 
downsloping ST-segment depression or S T-segment ele- 
vation of =1 mm at 0.08 second after the J point that 
persisted for 260 seconds.' 

No patient reported cardiac symptoms during the 
recording time. Analysis showed that of the 34 patients 
with CAD, 6 patients had positive ischemic events. There 
was a total of 14 episodes, with a mean (+ standard 
deviation) duration of 6 + 11.5 minutes and a cumula- 
tive duration of 86 minutes. All of the 6 patients with 
silent ischemia had a history of typical angina, I of 
whom had an unstable pattern. Five of the 6 patients 
were receiving medications. Cardiac catheterization re- 
vealed > 50% stenosis of 3 vessels in 2 patients, 2 vessels 
in 2 patients and 1 vessel in 2 patients (Table 1). 

Among the 28 patients without ischemic events, 20 
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patients had a chest pain pattern of typical angina pecto- 
ris, 1 of whom had an unstable pattern. Eighteen patients 
were receiving medical treatment, 10 patients were un- 
treated, including 2 patients with left main obstruction. 
At cardiac catheterization, 2 patients had left main coro- 
nary artery stenosis, 3 patients had 3-vessel stenosis, 14 
patients had 2-vessel stenosis and 9 patients had 1 -vessel 
stenosis (Table I). 

When the occurrence of true positive ischemic epi- 
sodes was analyzed in relation to symptoms and angio- 
graphic information, the prevalence and positive predic- 
tive accuracy of silent ischemia was 18% (6 of 34 pa- 
tients) of the subgroup with CAD. When the number of 
diseased vessels was compared between the groups, with 
and without silent ischemia, no significant difference was 
found (Figure 1). Retrospective review with knowledge of 
the results of the study would not have meaningfully 
changed management in either patient group. The ratio 
of patients managed medically versus those for whom 
revascularization was recommended did not differ be- 
tween the groups. 

It is not known whether treatment of silent ischemia 
changes prognosis. This uncertainty has importance to 
both the risk-benefit of therapy and the cost-effectiveness 
of screening. The low prevalence of silent ischemia in this 
study could be related to multiple factors, most notably 
antianginal therapy and confinement. However, medical 
therapy was actually more common in our patients with 
silent ischemia than in those without ischemic events 
(Table I). Furthermore, patients awaiting coronary by- 
pass surgery have been shown to demonstrate silent isch- 
emic events despite medication.’ Although confined, our 
patients were fully ambulatory and in a period of known 
mental stress in which prior investigators have shown 
frequent episodes of ischemia.® The prevalence of silent 
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ischemic events in the current population approaches the 
0 to 39% figure reported for normal subjects’ and elderly 
patients with noncoronary heart disease.!° This suggests a 
lesser role of silent ischemia in general clinical practice!! 
than that initially proposed by data in unstable or un- 
treated patients. 

The low prevalence of silent ischemia in this study 
suggests that the value of ambulatory monitoring to de- 
tect ischemia in clinical practice may be limited to select- 
ed patient subgroups.'~* Similar limitations were found 
in asymptomatic survivors of unrecognized myocardial 
infarction and patients who have had coronary artery 
bypass surgery, despite the 100% pretest likelihood of 
coronary heart disease in these groups.!>!3 Other uncer- 
tainties included the following: the ideal duration of mon- 
itoring!4; whether silent ischemia detected by ambulatory 
monitoring adds prognostic information to exercise stress 
test results; and whether silent events require detection, 
because most patients become overtly symptomatic be- 
fore suffering a cardiac event.''!> Furthermore, the prog- 
nostic value of ST-segment shifts, even in unstable angi- 
na, may become significant only at >60 minutes of isch- 
emia per 24 hours of monitoring.!? None of the patients 
in this study achieved this total duration of ischemia. 
Knowledge of the presence of silent ischemia would not 
have led to changes in management in our patient popula- 
tion. Coronary anatomy, baseline symptoms and left ven- 
tricular function determined management in each case. 
Recent studies suggested that the absence of silent isch- 
emia in patients undergoing peripheral vascular surgery 
defines a short-term stable subgroup.* However, our re- 
sults indicate that the absence of silent ischemia does not 
exclude high-risk angiographic subgroups or modify the 
‘ndication for long-term aggressive medical or surgical 
therapy. 


FIGURE 1. Relative frequency distribution 
of patients with coronary artery disease 
(CAD) according to number of vessels in- 
volved. Open bars indicate patients (n = 
28) without ST-segment changes while 
shaded bars indicate patients (n = 6) with 
ST-segment changes. LM = left main 
coronary artery. 
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Clinical Significance of Pericardial Rub in Inferior Wall Q-Wave Acute 


Myocardial Infarction 


Tetsuro Sugiura, MD, Toshiji lwasaka, MD, Nobuyuki Takahashi, MD, Yo Nagahama, MD, 
Tadashi Hasegawa, MD, Masahide Matsutani, MD, Tsutomu Sumimoto, MD, and Mitsuo Inada, MD 


o ericardial rub is common during the course of acute 
myocardial infarction (AMI).!-? Infarct-associated 
pericardial rub is usually transient and associated with 
transmural AMI,!? but it has been reported with a great- 
ly variable frequency and its incidence in respect to the 
infarct site is controversial.!-> Some have observed that 
pericardial rub was a more frequent complication in ante- 
rior rather than inferior infarcts.” Others! report that 
pericardial rub was equally distributed among patients 
with anterior and inferior AMI. Because the proximity of 
the stethoscope to the inflamed pericardium permits bet- 
ter detection of rubs, we hypothesized that the association 
of right ventricular AMI could affect the incidence of 
pericardial rub in patients with inferior AMI. We eluci- 
dated the difference in the incidence of pericardial rub 
with and without right ventricular AMI in patients after 
their first Q-wave inferior AMI. 

We studied 134 consecutive patients after their first 
Q-wave inferior AMI who were admitted to the coronary 
care unit within 24 hours of the onset of chest pain and 
who survived the first 3 days after admission. It is a 
routine procedure in our hospital to insert a Swan-Ganz 
catheter in patients with AMI who are admitted within 
24 hours of onset of chest pain. All patients were exam- 
ined by a physician, and a written informed consent was 
obtained before the Swan-Ganz catheter insertion. No 
patient had prior history of AMI, intraventricular con- 
duction abnormalities, chronic renal failure, collagen 
disease, cardiac surgery within the previous 6 months or 
cancer. 
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The diagnosis of AMI was made when the patients 
had ST elevation with a new Q wave (II, III and aVF) on 
serial electrocardiograms and at least twice normal ele- 
vation of serum creatine kinase with MB isoenzyme 
>5%. At least 1 mm of ST-segment elevation and QS or 
QR in right precordial lead (V;R) at the time of admis- 
sion were considered diagnostic of right ventricular 
AMI. All patients were monitored continuously in the 
coronary care unit, and all were examined by careful 
auscultation at least twice daily. Pericardial rub was 
considered as a scratchy or grating noise and the diagno- 
sis of pericardial rub was made after confirmation by at 
least 2 cardiologists. Hemodynamic measurements in- 
cluding cardiac output, pulmonary artery wedge pres- 
sure and right atrial pressure were determined on admis- 
sion. 

A coronary arteriogram was performed before each 
patient was discharged from the hospital. Coronary ar- 
tery lesions with =70% reduction in diameter were con- 
sidered to be obstructive. Each patient was classified as 
having 1-, 2- or 3-vessel disease. Proximal right coro- 
nary artery lesions were defined as located before the 
acute marginal branch. 

Results are reported as mean + standard deviation. 
A Student’s t test was used for quantitative data, and 
chi-square analysis was used for qualitative data. A p 
value <0.05 was considered significant. 

Of the 134 patients with Q-wave inferior AMI, a 
pericardial rub was detected by auscultation in 22 pa- 
tients (16%) during the first 3 days of hospitalization 
(Table I). There were no significant differences in the age 
and sex distribution between patients with and without a 
pericardial rub. Although there were no significant dif» 
ferences in cardiac output and pulmonary artery.wedge 
pressure between patients with and without a pericardial 
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rub, right atrial pressure was significantly higher in pa- 
tients with than those without pericardial rub (p <0.05). 

Of the 134 patients with Q-wave inferior AMI, 41 
(31%) had >I mm of ST elevation and Q wave in the 
right precordial chest lead (V4R) (Table II). Pericardial 
rub was observed in 11 of 41 patients (27%) with right 
ventricular AMI, whereas it was observed in 11 patients 
(12%) without right ventricular AMI. 

A coronary arteriogram was obtained in 25 patients 
with right ventricular AMI and in 61 patients without 
right ventricular AMI. Twelve patients with right ven- 
tricular AMI and 29 patients without right ventricular 
AMI had multivessel disease; the difference was not 
significant. Patients with right ventricular AMI had sig- 
nificantly higher incidence of proximal right coronary 
lesion than those without it (84 and 43%, respectively). 

We routinely give heparin to all patients with AMI in 
our coronary care unit. Of the 22 patients with pericardi- 
al rub, 8 received intravenous or intracoronary uro- 
kinase, whereas 36 patients without pericardial rub re- 
ceived urokinase. There was no significant difference in 
the number of patients who received thrombolytic thera- 
py between the 2 groups. 

In this study, we chose the presence of Q wave and at 
least 1 mm of ST-segment elevation in V4R for the diag- 
nosis of right ventricular AMI to maximize our diagnos- 
tic accuracy as much as possible. As a result, 41 patients 
(31%) had electrocardiographic evidence of right ventric- 
ular AMI with a significantly higher incidence of proxi- 
mal right coronary artery lesion and pericardial rub 
(27%). | 

Transmural AMI extends to the epicardial surface 
and is responsible for producing pericardial inflammation 
in the infarct zone.! Since fibrinous exudate of pericardi- 
tis tends to spread throughout the pericardial sac, even 
pericardial inflammation localized posteriorly should 
produce rubs that are audible at the anterior chest wall. 
Occlusion of the right coronary artery proximal to the 
origin of the acute marginal branch has been reported to 
be associated with much greater right ventricular infarct 
size than those with distal occlusion.> Furthermore, Isner 
and Roberts® reported that the anatomic feature distin- 
guishing patients with right ventricular AMI from those 
without it was right ventricular dilatation. Although a 
higher incidence of pericardial rub could be explained by 
the larger infarct size,% another explanation for the high- 
er incidence of pericardial rub in patients with right ven- 
tricular AMI may be the proximity of the anterior wall of 
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Pericardial Rub Pericardial Rub 
Present Absent 
(n = 22) (n= 112) 


Age (yrs) 68+ 14 
Sex: M/F 14/8 
Cardiac output (liters/min) 4.2+1.5 
Mean pulmonary artery 1144 
wedge pressure 
(mm Hg) 
Mean right atrial pressure 
(mm Hg) 


74 


NS = not significant. 


TABLE II Incidence of Pericardial Rub 


+ 0 
(n=41) (n = 93) 





RV Infarct p Value 


Pericardial rub (%) 
+ 11 (27) 11 (12) 


82 (88) 


0 30 (73) 


RV = right ventricular; + = present; O = absent. 





the heart to the stethoscope as a result of right ventricular 
dilatation, permitting better detection of rubs. 

Right precordial chest leads are not 100% sensitive or 
specific for right ventricular AMI. Despite this limita- 
tion, our data indicate that great variability in the inci- 
dence of infarct-associated pericardial rub in earlier stud- 
ies lies in the rate of right ventricular AMI included in 
each study. In addition, in the presence of electrocardio- 
graphically evident right ventricular AMI in Q-wave in- 
ferior AMI, the incidence of pericardial rub is nearly 
identical to that of anterior AMI. 
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Effects of Encainide and Amiodarone on the Adaptation of Ventricular 
Refractoriness to an Increase in Rate 


Shimon Rosenheck, MD, Stephen Schmaltz, MPH, Alan H. Kadish, MD, and Fred Morady, MD 


T: ventricular effective refractory period (VERP) 
adapts gradually to an increase in rate, and up to 
several minutes may be necessary before the maximum 
shortening of VERP is realized when the rate increases, !:2 
Quinidine and mexiletine have been demonstrated to 
have no effect on the adaptation of ventricular refractori- 
ness to an increase in rate. However, the effects of class 
IC and class III antiarrhythmic drugs on the adaptation 
of refractoriness to an increase in rate are not known. 
Therefore, the purpose of this study was to evaluate the 
effects of encainide and amiodarone on the adaptation of 
the VERP to an increase in rate. 

Seventeen subjects were selected from among a pool 
of patients undergoing a clinically indicated electrophys- 
iology test. These patients had inducible sustained ven- 
tricular tachycardia (VT) that was not adequately con- 
trolled by a class IA or IB antiarrhythmic drug. Patients 
in whom VT was inducible with 1 extrastimulus or in 
whom continuous ventricular pacing at a cycle length of 
500 ms was not hemodynamically tolerated were exclud- 
ed from the study. In addition, patients who had a left 
ventricular ejection fraction of <30% were not treated 
with encainide. The mean age of the subjects (16 men, I 
woman) was 61 + 9 years (mean + standard deviation). 
Sixteen patients had coronary artery disease and 1 pa- 
tient had no structural heart disease. The mean left 
ventricular ejection fraction was 0.33 + 0.15. 

Electrophysiology studies were performed with pa- 
tients in the fasting, unsedated state after informed con- 
sent was obtained. Each patient had a baseline study 
performed at least 5 half-lives after all antiarrhythmic 
treatment was discontinued. A quadripolar electrode 
catheter was positioned in the right ventricular apex. 
Bipolar pacing was performed with a programmable 
stimulator (Bloom Associates Ltd.) at a current strength 
twice threshold and a pulse width of 2 ms. VERPs were 
measured using drive trains of 2,8 and 20 beats at a cycle 
length of 500 ms and a 3-second intertrain pause. An 
extrastimulus (S>) was delivered at a coupling interval 
shorter than the expected refractory period and the cou- 
pling interval was increased in 2-ms steps until ventricu- 
lar capture was obtained. This incremental method of 
measuring the VERP was used because it yields a more 
accurate estimate of the VERP than a decremental 
method.* To measure the “steady-state” VERP, 3 min- 
utes of continuous ventricular pacing were performed at 
a cycle length of 500 ms; then an S> was inserted after 
every 8 beats, without a pause. We used 3 minutes of 
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TABLE I The Effect of Drive Train Duration and Encainide on 
the Ventricular Effective Refractory Period (in ms) in Seven 
Patients 
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TABLE Il The Effect of Drive Train Duration and Amiodarone 
on the Ventricular Effective Refractory Period (in ms) in Ten 
Patients 






Drive Train Duration 
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2 beats 8 beats 20 beats 3 minutes 













265 + 16 
302 + 19* 


256 + 16 
295 + 19* 


247 +14 
287 + 21* 


Baseline 
Amiodarone 






237 +11 
272+ 18* 










* p <0.001 vs baseline. 
There was no significant difference in AVERP at different drive train durations. 





pacing because this was previously found adequate to 
obtain maximal shortening of the VERP after an in- 
crease in rate.' The S coupling interval was again in- 
creased in steps of 2 ms until ventricular capture was 
obtained. The VERP was defined as the longest coupling 
interval that did not result in ventricular capture. 
Seven patients received 118 + 2] mg/day of encainide 
for 4 to 5 days and then underwent a repeat electrophysi- 
ology study. The mean plasma encainide, O-demethyl 
encainide (ODE) and 3-methoxy-O-demethyl encainide 
(MODE) concentrations at the time of the electrophysi- 
ology study were 34 + 43, 108 + 104 and 49 + 31 ng/ml, 
respectively. Ten patients were treated with 2.4 g/day of 
amiodarone and then underwent a repeat electrophysiol- 
ogy study after 2 weeks of treatment. The mean plasma 
amiodarone and desethyl amiodarone concentrations 
were 2.8 + 0.8 and 1.4 + 0.3 mg/ml, respectively, at the 
time of the repeat electrophysiology study. The stimula- 
tion protocol was identical in the baseline state and after 
treatment with encainide or amiodarone. To analyze the 
drug effect, the effect of the drive train duration and the 
interaction between them, a repeated measures analysis 
of variance was used. Multiple comparisons were evalu- 
ated using Fisher's least significant difference proce- 
dure. A p value <0.05 was considered significant. 
Encainide did not significantly affect the sinus cycle 
length. In the baseline state, the VERP shortened pro- 
gressively as the drive train duration increased (p 
<0.0001). Encainide significantly prolonged the VERP 
at all drive train durations (p <0.01, Table I). However, 
its effect on the VERP became less pronounced as the 
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FIGURE 1. The change in the ventricular effective refractory 
period (AVERP) caused by encainide in 7 patients. Encainide 
prolonged the VERP by a mean of 31 ms when the drive train 
duration was 2 beats compared to 17 ms when the drive train 
duration was 3 minutes (p <0.001). There was a significant 
trend for AVERP to decrease as the drive train duration 
increased (p <0.05). 


duration of the basic drive train increased (p <0.05, 
Figure 1). The plasma encainide and ODE concentration 
correlated significantly with the prolongation of the 
VERP only at a basic drive train duration of 3 minutes 
(p <0.05). 

Amiodarone did not significantly affect the sinus cy- 
cle length. In the baseline state, the VERP progressively 
shortened as the drive train duration increased (p 
<0.001). Amiodarone significantly prolonged the VERP 








at all drive train durations (p <0.001, Table II) and its 
effect on the VERP was similar at all basic drive train 
durations. 

The results of this study demonstrate that encainide, a 
class IC antiarrhythmic drug, prolongs the VERP at all 
drive train durations. However, the effects of encainide 
become less pronounced as the drive train duration in- 
creases from 2 beats to 3 minutes. In contrast to encai- 
nide, amiodarone prolongs the VERP to the same degree 
at all drive train durations, and no interaction between 
the basic drive train duration and the effect of amioda- 
rone on the VERP could be demonstrated. Conventional 
measurements of VERP have used a basic drive train 
duration of 8 beats, and previous studies have demon- 
strated that the actual “steady-state” VERP may be up to 
40 ms shorter than the conventional VERP.! The results 
of the present study demonstrate that amiodarone’s effect 
on the steady-state VERP is accurately reflected by its 
effect on the conventionally measured VERP. However, 
encainide’s effect on the conventional VERP overesti- 
mates its effect on the steady-state VERP. The mecha- 
nism by which encainide alters the adaptation of VERP 
to an increase in rate remains to be determined. 
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Utility of Transesophageal Echocardiography in Interatrial Septal 
Puncture During Percutaneous Mitral Balloon Commissurotomy 


Raj S. Ballal, MD, Edward F. Mahan Ill, MD, Navin C. Nanda, MD, and Larry S. Dean, MD 


p ercutaneous mitral balloon commissurotomy is an 
alternative to surgical therapy in selected patients 
with symptomatic mitral stenosis.’ Transseptal cardiac 
catheterization is the most common approach and com- 
plications are rare with experienced personnel but include 
perforation of the aorta, atria and left ventricular wall. 
Transthoracic 2-dimensional echocardiography has also 
been used to guide balloon valvuloplasty catheters as well 
as the transseptal needle across the atrial septum? but 
may be limited by an inadequate acoustic window, trans- 
ducer and catheter images superimposed in the fluoro- 
scopic field and suboptimal atrial septum and fossa ovalis 
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visualization. In contrast, transesophageal echocardiog- 
raphy (TEE) encounters minimal acoustic impedance 
due to lung or skeletal tissue and yields very high quality 
images.* Using TEE, successful visualization of the atrial 
septum and the membranous portion of fossa ovalis is 
practically always achieved. The purpose of the current 
study is to evaluate the usefulness of TEE as an aid to 
transseptal cardiac catheterization during balloon com- 
missurotomy. 

Four female patients with mitral stenosis and New 
York Heart Association class III or IV congestive heart 
failure were studied. The patients ranged in age from 20 
to 68 years (mean 42). After right- and left-sided cardi- 
ac catheterization, the patients were turned to the left 
side and the transesophageal probe was introduced in the 
esophagus and positioned posterior to the left atrium, 
after giving 1 to 2 mg of medazolane intravenously and 





FIGURE 1. Two-dimensional images of the experimental model in which a Brock 
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needle within a Mullins sheath and di- 


as a 


lator followed by the Brockenbrough needle protruding from the Mullins sheath were introduced separately into awater-filled 
plastic container and scanned with a 3.5-MHztransthoracic probe as well as a 5-MHz transesophageal probe using the Aloka 
870 system. In A, prominent posterior reverberations (R) and side lobe (SL) artifact of the Brockenbrough transseptal needle (N) 
protruding from the sheath (S) and dilator (D) are demonstrated while B shows the less prominent reverberation of the needle 


within the sheath. 


topically anesthetizing the posterior pharynx with 20% 
benzocaine spray. In the 4-chamber view, the probe was 
positioned to allow visualization of the maximum length 
of the atrial septum and identification of the fossa ovalis. 
The short-axis view showed the relation of the fossa 
ovalis to the aorta but less atrial septal length was visu- 
alized. It was not the preferred view for guiding the 
transseptal needle but was a useful means of ensuring 
that the needle tip was not in the vicinity of the aorta. 

TEE before balloon commissurotomy revealed se- 
vere mitral stenosis and grade I/III mitral regurgitation 
by color Doppler in each of the 4 patients. Tricuspid 
regurgitation, graded in the same manner as mitral re- 
gurgitation, was grade III/III in 1 patient and grade I/III 
in the remaining 3 patients. Grade I/IV aortic regurgita- 
tion by color Doppler was present in 3 patients. Left and 
right ventricular function was normal in each patient and 
no atrial septal defects or left atrial thrombi were visual- 
ized in any patient before the procedure. 

During the balloon commissurotomy, the transseptal 
needle, dilator and surrounding sheath appeared as a 
linear echogenic structure (as verified in an experimental 
model, Figure 1) with to-and-fro motion corresponding 
to movement of the catheter by the operator (in contrast 
to the stationary Swan-Ganz catheter). They were ma- 
nipulated under 2-dimensional echocardiographic and 
fluoroscopic guidance to the region of the fossa ovalis 
(identified as the thinnest portion of the interatrial sep- 
tum by TEE) (Figure 2A). The transesophageal trans- 
ducer was manipulated so that the needle, together with 
the dilator and the surrounding sheath, were observed in 
multiple planes to ensure that the tip was in contact with 
the atrial septum in the region of the fossa ovalis, and 
then the catheter operator advanced the needle into the 
left atrium by puncturing the atrial septum (Figure 2B). 
In 1 patient, a Critikon catheter was also advanced to the 
mitral valve orifice using echocardiographic guidance 


(Figure 2C). After atrial septal puncture, TEE demon- 
strated a small acquired atrial septal defect with left to 
right shunting in 2 of the 4 patients. 

TEE was well tolerated by each patient and no com- 
plications occurred. The relation of the needle and the 
surrounding sheath and dilator to the interatrial septum 
was readily visualized, resulting in the successful punc- 
ture of the interatrial septum, as planned, in each pa- 
tient. In 1 patient, a small eccentric mitral regurgitant jet 
was noted after balloon commissurotomy (Figure 2D), 
while in the 3 other patients the degree of mitral regurgi- 
tation remained unchanged. No significant change in the 
degree of tricuspid or aortic regurgitation was present at 
the end of the study in any patient. 

TEE is a relatively new technique and the develop- 
ment of smaller probes is making the procedure more 
comfortable for patients while continuing to provide high 
quality anatomic and flow images. During transseptal 
left-sided cardiac catheterization, TEE allows identifica- 
tion of the fossa ovalis, catheter and needle body and tip, 
and ensures that the needle traverses the interatrial sep- 
tum in the fossa ovalis region and not a surrounding 
structure. Puncture of the aorta and the pericardial sac 
can thus be avoided. Enlargement of the left atrium may 
cause marked deviation and distortion of the interatrial 
septum, making it difficult to localize the fossa ovalis by 
fluoroscopy but localization by TEE is unaffected. The 
preceding problem was encountered in 1 patient at our 
institution in whom balloon commissurotomy was unsuc- 
cessfully attempted. The transseptal needle was readily 
visualized in relation to the distorted atrial septum by 
TEE, but the needle could not be manipulated perpendic- 
ular to the atrial septum by the cardiac catheterization 
operator and atrial septal puncture was unsuccessful. An 
additional advantage of TEE is that associated regurgi- 
tant valvular lesions and left ventricular function can be 
rapidly and accurately assessed. 
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In conclusion, TEE supplements fluoroscopy in guid- 
ing the transseptal needle and the surrounding sheath and 
dilator through the fossa ovalis region of the atrial sep- 
tum. Our preliminary experience has demonstrated that 
2-dimensional TEE can be used during cardiac catheter- 
ization to allow visualization of the transseptal needle and 
catheter in relation to surrounding cardiac and extracar- 
diac structures, which may decrease the complication 
rate of percutaneous balloon commissurotomy. 
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FIGURE 2. Transesophageal 2-dimensional 
echocardiography-guided atrial septal punc- 
ture in percutaneous mitral balloon commis- 
surotomy. A, the transseptal needle (arrow) 
is in contact with the fossa ovalis and has a 
prominent reverberatory tail. B, the 4-cham- 
ber view shows the transseptal needle (ar- 
row) traversing the fossa ovalis into the left 
atrium (LA). C, the Critikon catheter (arrow) 
is shown in the mitral valve orifice. D, an ec- 
centrically directed mitral regurgitant (MR) 
jet that developed after balloon dilation of the 
mitral valve is shown. LV = left ventricle; RA 
= right atrium; RV = right ventricle. 
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Absent Pulmonary Valve Syndrome with Ventricular Septal Defect: 


Role of the Arterial Duct 


Jose A. Ettedgui, MD, Gurleen K. Sharland, MD, Sunder K. Chita, Andrew Cook, MD, Nuala Fagg, MD, 


and Lindsey D. Allan, MD 


bsent pulmonary valve syndrome is usually associ- 
ated with tetralogy of Fallot, but it also has been 
described in the presence of a ventricular septal defect or 
an intact ventricular septum.!-8 The pulmonary valve is 
represented by rudimentary nodules without identifiable 
leaflets and it is associated with aneurysmal dilation of 
the pulmonary trunk and one or both of its branches. It 
has been postulated that closure of the arterial duct in 
early intrauterine life plays an important etiologic role in 
the genesis of this syndrome.*° The anatomic and hemo- 
dynamic features of absent pulmonary valve syndrome 
are readily recognized prenatally using cross-sectional 
and Doppler echocardiography.’ We present the prenatal 
echocardiographic findings in 5 fetuses with absent pul- 
monary valve syndrome and a ventricular septal defect, 2 
with a patent arterial duct, and speculate on the possible 
role of the arterial duct in this condition. 

Between January 1984 and July 1989, a structural 
cardiac abnormality was detected prenatally in 359 fe- 
tuses using cross-sectional echocardiography at the De- 
partment of Perinatal Cardiology of Guy’s Hospital. 
Absent pulmonary valve syndrome with a ventricular 
septal defect was identified in 5 cases. All 5 had been 
referred for evaluation of cardiac abnormalities that 
were suspected during routine antenatal ultrasonog- 
raphy. In the first case in this series, cross-sectional 
images of the fetal heart were obtained using an ATL 
300 system. In the remainder, an ATL Ultramark IV and 
a Hewlett Packard 77070A with color-flow mapping and 
pulsed wave Doppler facilities were used. All studies 
were recorded on videotape (VHS or Beta). The medical 
records and videotape recordings of all positive cases 
were reviewed and the available postmortem specimens 
were examined. 

The results of the fetal echocardiograms are listed in 
Table I. Tetralogy of Fallot was present in 3 fetuses 
(numbers 3, 4 and 5). The other 2 had large muscular 
ventricular septal defects, 1 in the apical region (number 
1) and the other in the inlet septum (number 2). The 
pulmonary “ring” was small in 4 fetuses and dilated in 1 
(number 1) and all 5 had echographic evidence of rudi- 
mentary pulmonary valve tissue (Figure 1). There was 
aneurysmal dilation of the main pulmonary artery and 
its branches in every case (Figure 1). The arterial duct 
was patent in 2 fetuses (numbers 1 and 2, Figure 2) and 
absent in the other 3. The tricuspid valve was abnormally 
thickened in 3 fetuses (numbers 2, 3 and 5). Color-flow 
mapping and pulsed-wave Doppler revealed pulmonary 
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TABLE I Fetal Echocardiographic Findings in Absent 
Pulmonary Valve Syndrome with Ventricular Septal Defect 


Age Dysplastic VSD 
No. (weeks) TV TR (type) PR PDA Death 


+ (At birth) 

+ (Intrauterine) 
+ (Termination) 
+ (Intrauterine) 
0 


M = muscular; P = perimembranous; PDA = patent arterial duct; PR = pulmonary 
regurgitation; TR = tricuspid regurgitation; TV = tricuspid valve; VSD = ventricular 
septal defect; + = present; 0 = absent; — = no information available. 


regurgitation in the 4 cases where this investigative mo- 
dality was used. There was also tricuspid regurgitation 
in the 3 patients with abnormal tricuspid valves. 

Both fetuses with a documented patent arterial duct 
died; 1 in utero (number 2) at approximately 28 weeks 
gestation and the other at birth (number 1). The latter 


- had multiple congenital anomalies, but chromosome 


analysis was normal. In the group without an arterial 
duct, there was 1 intrauterine death in a fetus with a 
suspected (but not confirmed) chromosome abnormality 
(number 4), 1 live birth (number 5) and 1 voluntary 
termination of pregnancy. The prenatal diagnosis of ab- 
sent pulmonary valve syndrome with a ventricular septal 
defect was confirmed postnatally using cross-sectional 
echocardiography in the only live birth in this series. 
Postmortem examinations were performed in 3 cases 
(numbers 1, 2 and 3). All had rudimentary nodules of 
tissue at the pulmonary “ring” with no identifiable valve 
leaflets. There was aneurysmal dilation of the the pul- 





FIGURE 1. Echocardiographic demonstration of aneurysmal 
dilation of main pulmonary artery and its branches. Pulmo- 
nary valve “ring” is small (arrows) and there is rudimentary 
pulmonary valve tissue. MPA = main pulmonary artery. RV = 
right ventricle. 
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monary trunk in every case, extending equally to both 
branch pulmonary arteries in 1 (number 2), predomi- 
nantly to the right pulmonary artery in 1 (number 1) and 
to the left pulmonary artery in the other (number 3). 
Patency of the arterial duct was confirmed in the 2 cases 
where it was detected in utero (Figure 3). 

The anatomic substrate and hemodynamic effects of 
absent pulmonary valve syndrome with ventricular septal 
defect are present from early prenatal life and can be 
shown using fetal echocardiography. These findings were 
recently reported by Fouron et al,? and were also shown in 
the series presented here. 

It has been postulated that the arterial duct plays an 
important etiologic role in absent pulmonary valve syn- 
drome with a ventricular septal defect.3-45 Agenesis of the 
arterial duct may be partially responsible for the aneurys- 
mal dilation of the pulmonary arteries?4 and absence of 
right to left shunt through the duct could also contribute 
to the abnormal development of the pulmonary valve.‘ 
The fact that a patent arterial duct in absent pulmonary 
valve syndrome with a ventricular septal defect has only 
been described with discontinuous pulmonary arteries 
(with the arterial duct supplying the left pulmonary ar- 
tery)t*8 would support these statements. However, the 
presence of a patent arterial duct in 2 of the cases in the 
series presented here questions the etiologic role of the 
duct. Due to the obstructive nature of the pulmonary 
“ring” with rudimentary valve tissue, enlargement of the 
pulmonary arteries most likely occurs as a result of post- 
stenotic dilation together with increased right ventricular 
stroke volume from the pulmonary regurgitation5.”* rath- 
er than from ductal agenesis. Supportive evidence for this 
is provided by the 2 cases in this series with aneurysmal 
pulmonary arteries and a widely patent arterial duct and 
is further supported by the relatively common finding of a 
patent arterial duct in absent pulmonary valve syndrome 
with an intact ventricular septum.267 

The high association between absence of the arterial 
duct and absent pulmonary valve syndrome with a ven- 
tricular septal defect is difficult to ignore. In persons with 
absence of the pulmonary valve leaflets, it has been pro- 
posed that intrauterine closure of the arterial duct is 


FIGURE 2. Echocardiographic demonstration of patent arteri- 
al duct (arrows) in a fetus with absent pulmonary valve syn- 
drome. DAo = descending aorta; RV = right ventricle. 
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essential for fetal survival.4 Death of the 2 cases in this 
series with a patent arterial duct, 1 in utero and the other 
at birth, supports this statement. The other intrauterine 
death in this series occurred in a fetus without a patent 
arterial duct but with other congenital anomalies. Al- 
though a chromosome abnormality was suspected in this 
fetus, it was never shown. However, it is possible that this 
intrauterine death was not directly related to the heart. 

This study shows that the anatomic substrate and the 
hemodynamic consequences of absent pulmonary valve 
syndrome with a ventricular septal defect can be readily 
identified prenatally using fetal echocardiography. It also 
provides evidence against the etiologic role of the arterial 
duct in this syndrome. 


FIGURE 3. Pathologic specimen from a fetus with absent pul- 
monary valve syndrome. Note the rudimentary nodules at the 
pulmonary valve “ring” and the dilated main pulmonary ar- 
tery (MPA). The arterial duct (AD) is widely patent. There is a 
large muscular ventricular septal defect (vsd). Ao = aorta. 
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Increased Prevalence of Atrial Septal Aneurysm in Mitral Valve 


Prolapse 
Peter S. Rahko, MD, and Qi Bin Xu, MD 


A aneurysm of the atrial septum is a localized 
outpouching caused by weakening and thinning of 
the septal connective tissue. It has been identified at nec- 
ropsy,' but is predominantly diagnosed by echocardiogra- 
phy.*-'* Several previous uncontrolled studies have sug- 
gested an association between atrial septal aneurysms 
(ASA) and mitral valve prolapse (MVP).2-!! The pur- 
pose of this study was to determine the prevalence of 
ASA in patients with MVP and to compare this to an 
age- and sex-matched control group without MVP. We 
also determined the relation between ASA and other 
characteristics of MVP. 

The study group consisted of 358 patients (205 wom- 
en and 153 men, average age 46 + 19 years) diagnosed 
with MVP by echocardiography. For comparison, age- 
and sex-matched control subjects without MVP or tri- 
cuspid valve prolapse were acquired prospectively from 
patients who were being studied clinically. Imaging was 
performed in all standard planes on commercially avail- 
able equipment. Only patients who had technically ade- 
quate images of the atrial septum were included. 

The diagnosis of an ASA was made when a thin 
localized outpouching of the middle portion of the atrial 
septum (always including the fossa ovale) protruded = 1 
cm outside the plane of the atrial septum (Figures 1 and 
2). Generalized deviation of the entire atrial septum was 
not included. An ASA was classified as 1 of the following 
3 subtypes: continuous deviation toward the right atri- 
um, predominant deviation toward the right atrium with 
occasional leftward oscillation during respiratory inspi- 
ration; and continuous oscillation during each cardiac 
cycle,’ 

The diagnosis of MVP was made using standard M- 
mode criteria'’ and/or 2-dimensional criteria proposed 
by Levine et al.'4 In the MVP group, 235 of 358 (66%) 
patients met M-mode criteria for MVP and 355 of 358 
(99%) met 2-dimensional criteria. The diagnosis of tri- 
cuspid valve prolapse was made when = 1 tricuspid leaf- 
let protruded across the anular plane into the right atri- 
um in the parasternal long-axis or apical 4-chamber 
view. 

The mitral valve was scored for degree of leaflet 
myxomatous degeneration using all 2-dimensional views 
and a 0 to 3+ scale. Normal, nonthickened, nonredun- 
dant leaflets had no (0) myxomatous change. Mild (I+) 
myxomatous change was defined as a small amount of 
localized thickening or redundancy of 1 leaflet. Moder- 
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TABLE I Distribution of Morphologic Subtypes of Atrial 
Septal Aneurysms 










Type I (%) Type Il (%) Type Ill (%) 











Mitral valve 
prolapse group 
(n = 34) 

Control subjects 

(n=11) 


11 (32) 21 (62) 2 (6) 







6 (54) 4 (36) 1 (9) 






TABLE Il Relation of the Prevalence of Atrial Septal 
Aneurysms to the Severity of Mitral Valve Myxomatous 
Degeneration and Regurgitation 


Mitral Myxomatous 
Regurgitation Degeneration 
(%) (%) 


None 10/156 (6.4) 
Mild 10/115(8.7) 


1/31 (3.2) 
19/257 (7.4) 
10/54 (18.5) 

4/16(25) 
0.006 


Moderate 
Severe 
p Value 


6/44 (13.6) 
8/43 (18.6) 
0.077 





ate (2+) myxomatous change was defined as a more 
widespread thickening affecting an entire leaflet. Severe 
myxomatous change (3+) was defined as marked thick- 
ening and redundancy involving the majority of both 
leaflets. Using either pulsed Doppler mapping or color- 
flow mapping, the severity of mitral regurgitation was 
scored as either none (0), mild (1+), moderate (2+) or 
severe (3+).'° Regurgitant jet direction was localized to 
1 of the following 3 areas in the left atrium: along the 
atrial septum; centrally; or along the lateral wall. Left 
atrial dimension was determined by M-mode echocardi- 
ography. All observations were made by 2 observers; 
differences were resolved by consensus. Comparisons be- 
tween groups were performed using chi-square analysis, 
the Mann-Whitney test or Student’s t test when appro- 
priate. 

An ASA was present in 34 of the 358 patients (9.5%) 
with MVP but in only 11 of 358 (3.1%) control subjects 
(p = 0.0003). Of the 45 patients having an ASA, 29 
(64%) were women and 16 (36%) were men (difference 
not significant). The average age of patients having an 
ASA was significantly greater in both groups as follows: 
53 + 19 years versus 45 + 19 years (p = 0.02) for 
subjects with MVP and 61 + 18 years versus 45 + 19 
years (p = 0.01) for control subjects. Most patients in 
both groups had an ASA directed toward the right atri- 
um (Table I). 

The relation between ASA prevalence and the sever- 
ity of mitral valve myxomatous change and regurgita- 
tion is listed in Table II. There was a progressive increase 
in ASA prevalence as myxomatous degeneration became 
more severe and a similar association of borderline sig- 
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nificance with mitral regurgitation. Regurgitant jet di- 
rection in the left atrium was not related to ASA preva- 
lence. In the MVP group, 40 (11%) patients had tricus- 
pid valve prolapse. There was no difference in frequency 
of tricuspid valve prolapse between those with (15%) or 
without (11%) an ASA. There was also no difference in 
left atrial dimension between those with and without an 
ASA, as follows: for the MVP group, 3.9 + 0.9 versus 37 








236 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


+ 1.0 cm; for the control group, 4.1 + 0.6 versus 9, = 
0.8 cm. 

The major finding of this study is that an ASA is 
significantly more common in patients with MVP than in 
those without MVP. This confirms the suspected associa- 
tion of the 2 entities reported previously in small series”-!° 
and in the large uncontrolled series of Abinader et all! 
who found an ASA in 3.8% of 630 patients having MVP. 


FIGURE 1. Subcostal views of atrial septum 
of a patient without mitral valve prolapse. 
Top, the image is taken at end-inspiration. 
The atrial septal aneurysm (between arrows) 
points toward the left atrium. Bottom, the 
view is taken during quiet respiration. The 
atrial septal aneurysm (>) is now pointing to 
the right. ASA = atrial septal aneurysm; LA 
= left atrium; RA = right atrium; RV = right 
ventricle. 
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FIGURE 2. Subcostal view of the atrial sep- 
tum in a patient with mitral valve prolapse 
taken at end-inspiration. The aneurysm 
points toward left atrium (arrows). LA = left 
atrium; LV = left ventricle; RA = right atri- 
um; RV = right ventricle. 


A second major finding of this study is the association 
between the severity of myxomatous degeneration and 
the prevalence of an ASA. Our results extend a prior 
report that found a higher prevalence of ASA in patients 
with significant myxomatous degeneration.!! This associ- 
ation suggests that a common connective tissue abnor- 
mality may exist in the mitral leaflets and fossa ovale 
membrane. The fact that patients with an ASA were also 
significantly older suggests an ASA may be a degenera- 
tive process of an underlying abnormality.!° Prior studies 
have also suggested an association between tricuspid 
valve prolapse and an ASA.*”.° This study did not con- 
firm this relation. 

There was a trend toward a positive association be- 
tween mitral regurgitation severity and ASA prevalence. 
However, mitral regurgitation severity was also strongly 
and positively related to myxomatous degeneration sever- 
ity (x = 103, p <0.00001). Furthermore, there was no 
relation between left atrial dimension or mitral regurgi- 
tant jet direction. Thus, it is unlikely that mitral regurgi- 
tation has an independent effect on the development of an 
ASA. 

There is a wide variation in the reported prevalence of 
ASA. The recent upward trend in prevalence may be due 
to improved image quality and increased awareness of the 
entity.!'!? At present, there is no commonly accepted 
quantitative definition for an ASA and size criteria have 
varied from 6 to 15 mm.*:’~? We feel our definition of 10 
mm is reasonable and it was chosen to correspond with 
the smallest aneurysm found at necropsy. ! 
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Menstrual Patterns in Females After the Fontan Repair 
Mary M. Canobbio, RN, MN, Douglas D. Mair, MD, Andrea J. Rapkin, MD, Joseph K. Perloff, MD, 


and Barbara L. George, MD 


Ss the initial description by Fontan and Baudet! 
of a surgical procedure for tricuspid atresia, a num- 
ber of modifications have evolved permitting application 
of this operative technique to a number of complex cya- 
notic congenital heart defects.* For the postoperative fe- 
male patient, questions regarding fertility and pregnancy 
are being raised. Whether and how an atrial-dependent 
pulmonary circulation and the elevated systemic venous 
pressure commonly seen after Fontan might influence 
ovarian function and menstrual patterns has not been an 
area of inquiry. The specific aim of the study, therefore, 
was to characterize the menstrual patterns of females 
after Fontan or modified Fontan repair. 

Patients were drawn from the registries of the Mayo 
Clinic and from the Adult Congenital Heart Center and 
the Division of Pediatric Cardiology at the University of 
California at Los Angeles. Of the 110 eligible females 
who underwent successful Fontan procedures, 72 agreed 
to participate: their ages ranged between I 2 and 34 years. 
Table I lists the diagnoses and types of operations. Fifty- 
two patients had palliative procedures before definitive 
repair. 

Patients, or their parents in the event the patient was 
a minor, were asked to complete a mailed questionnaire 
designed to assess menstrual patterns before and after 
surgical repair and to determine pregnancy and contra- 
ceptive experiences after repair. Complete follow-up 
data were obtained in 68 patients. Based upon data re- 
garding menarche, the patients were divided into 3 
groups (Table II). Group 1 comprised 37 patients who 
had established menstrual periods before operation. 
They were among the oldest in the sample and among the 
oldest to be repaired. Based upon their menstrual histor- 
ies after surgery, 3 subgroups were further defined. Sub- 
group A (n = 20), which represented 54% of group 1, 
were patients who resumed menstruation within 6 
months of surgery and as a group, reported cycle lengths 
and flow patterns equivalent to the general population 
(Table IIT). Subgroup B (n = 11), which represented 
30% of group 1, took >6 months to resume menstrua- 
tion. Postoperative flow patterns for subgroup B were the 
following: cycle lengths <25 days in 27.3%, 25 to 35 days 
in 45.5%, >35 days in 27.3%; flow duration <5 days in 
64%, 6 to 9 days in 9% and >9 days in 27%; 55% reported 
they had regular periods, while 45% reported they did 
not; 18% reported heavy monthly flows, while 55% re- 
ported moderate flows and 27% reported light flows; and 
break-through bleeding was reported by 36%. When 
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TABLE I Primary Malformations and Type of Operative 
Procedure 


Malformation 


Operative Procedure TA 


RA-PA anastomosis 
RA-PA /Homograft 
RA-PA / Hancock 
LSVC to LPA* 
IVC to LPA 
(before Glenn) 
RA-Subpulmonic 
outlet chamber 
RA-RV 
(pericardial anastomosis) 
RA-RV /Hancock 
RA-RV /Homograft 
RA-RV /Dacron valved 
Subtotal 
Total 
* Azygous continuation of inferior vena cava (IVC) to left superior vena cava (SVC). 


LPA = left pulmonary artery; RA = right atrium; RV = right ventricle; PA = pulmo- 
nary artery; TA = tricuspid atresia; UVH = univentricular heart. 


TABLE II Characteristicks of the 3 Groups 


Group 1 Group 2 Group 3 











Menarche 
After 
Surgery 


Menarche 
Before 
Surgery 










Delayed 
Menarche 


Entire 
Sample 

























No. 72 37 18 17 
Mean age 19.5 23.4 18.2 14.8 
(yrs) 
Range (12 to 34) (15 to 34) (13 to 23) (12 to 23) 
Diagnosis 
TA 27 17 6 4 
UVH 36 17 11 8 
Other 9 3 1 5 
Mean age at 15.2 19.5 12.0 10.3 
surgery 
Mean age at 13.7 13.58 13.8 
menarche 
(Groups 1 
and 2 only) 





Abbreviations as in Table |. 


compared to their preoperative flow patterns, significant 
differences were noted only with respect to cycle lengths 
(p <0.005), and the frequency with which they had re- 
ported break-through bleeding (p <0.05) before as com- 
pared to after surgery. Patients in subgroup C (n = 6), 
which represented 16% of group I, failed to resume 
menstruation after operation. Of these 6 patients, 5 re- 
mained amenorrheic for >I year after operation. The 
average number of years from menarche to surgery in 
subgroup C was I1 years, reflecting the longest duration 
of preoperative cyanosis after menarche. 

In group 2, there were 18 patients who experienced 
menarche after their operation. The average number of 
years from surgery to menarche was 1.8. Postoperative 











cycle lengths and flow patterns were equivalent to those 
in the general population (Table III). 

In group 3, there were 17 subjects who had not yet 
begun menstruation at the time of surgery. They were the 
youngest in the sample. Of these 17 , 14 or 82% (mean age 
= 14.6 years) exhibited a pattern of primary amenor- 
rhea suggesting a normal age-related delay in onset of 
menarche. These patients also were the youngest to be 
operated upon. The remaining 3 (18%) were older (mean 
age 21 years) and reported experiencing at least 1 period 
after surgery. Mean age of operation for these 3 patients 
was 14.3 years. 

From these data, it appears that most females under- 
going Fontan repairs resume normal menstrual patterns. 
However, among the 72 patients, a small subset (n = 22) 
> 18 years of age reported abnormal flow patterns after 
operation, which is suggestive of chronic anovulation. We 
therefore reexamined these women with respect to the 
primary cardiac diagnosis, operative procedure, age at 
surgery and preoperative menstrual patterns. Of the 22, 
19 (86%) had established menarche before operation, 
while 3 (14%) reported experiencing only a single episode 
of vaginal bleeding. Table IV lists their characteristics. 
Of the 19 who had established menstrual cycles before 
operation, 5 (26%) never resumed menstruation or re- 
ported only occasional spotting. These women were the 
oldest in the entire sample (mean age 29 years). They also 
were the oldest to be operated upon and had the longest 
duration of preoperative cyanosis after menarche, aver- 
aging 11 years. No specific correlation was found be- 
tween abnormal menstrual patterns, the primary cardiac 
diagnosis or the specific operative procedure. Data re- 
garding hemodynamic findings and liver function studies 
were available for 6 patients, Mean right atrial pressure 
was 15 mm Hg (range 11 to 20) and liver function was 
within normal limits. One patient, found to be hypothy- 
roid, had been treated with replacement therapy, but 
continued to report irregular cycles. When comparing 
Preoperative to postoperative flow patterns of these pa- 
tients, no significant differences were found. On subse- 
quent follow-up of 11 of the 22 females (available by 
telephone), only 1 patient reported having “begun to reg- 
ulate.” Six patients continue to report abnormal cycles 
ranging from heavy menses to episodic or absent men- 
strual periods, 2 had been treated with hormonal therapy 
and 1 hada hysterectomy at age 22 (3 years after opera- 
tion). In 1 case, the patient underwent revision of her 
original Fontan, which consisted of a take-down of the 
valved conduit, a direct anastomosis of right atrium to 
pulmonary artery and patch closure of the tricuspid valve 
orifice. She subsequently resumed normal menstruation. 
More recently, the patient experienced an uncomplicated 
full-term pregnancy and normal delivery. Of the 72 fe- 
males in the sample, there were 6 postoperative pregnan- 
cies, 4 of which were electively terminated. Two have 
resulted in live births.4 

With respect to contraception, only 35% of the pa- 
tients described themselves as being sexually active while 
another 31% reported they were not. The mothers of 9 
patients who reported no sexual activity were the primary 
historians, raising the question of accuracy of the report- 


TABLE Ill Characteristics of Normal Menstruation 
Menarche Range, 9 to 17 years 


Mean age, 12.3 years (United States, 
United Kingdom) 

Cycle lengths between menstrual periods 
28 days 

Duration of ovulatory menses 
2 to 5 days (76.0%) 
6 to 8 days (21.8%) 
>9 days (1.5%) 

Amount of flow (total menstrual blood 

loss) 

78% lost during first 2 days 
91% lost during first 3 days 

Regularity 
Irregularities in first 2 years of menstrual 
life and in perimenopausal era is expect- 
ed 


TABLE iv Characteristics of Females with Amenorrhea 
Total no. 22 










Range, 24 to 32 days 
























Mean age (yrs) 23.4 
Age at surgery 20.0 

From Group | From Group lil 
No. n=19 n=3 






Mean age (yrs) 22 23.2 29.4 20.6 









Mean age at surgery 18.3 18.3 25.3 16.2 
Mean age at menarche 14.4 13.8 13.4 
Mean no. yrs cyanotic 3.7 4.1 11 
after menarche 
Mean no. yrs with 3.2 4.2 4.2 4.5 
amenorrhea after 
surgery 






(Range 1 to8 yrs) 







SG = subgroup. 


TABLE V Contraception Used 


Birth control pill 

Barrier protection 

Male contraception 

Tubal ligation / hysterectomy 

Rhythm 

None used 

Unknown / sexually inactive 
Total 


ON oe A 





ed information. Of the tota] group, 88% said they received 
no information regarding contraception and /or pregnan- 
cy. Among those who reported being sexually active, 6 
were engaged in unprotected sex, while the remainder 
were using a variety of contraceptive methods (Table V). 
Five women had undergone tubal ligation as a mean of 
contraception and 2 underwent a hysterectomy for dys- 
functional bleeding. 

The results of this Study indicate that most cyanotic 
females who undergo Fontan repairs resume normal flow 
patterns and/or establish menstrual patterns similar to 
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those of the general population. However, there is some 
evidence that for a subset of these females, dysfunctional 
bleeding may be a problem. In this subset, abnormal 
menstrual patterns characteristic of dysfunctional bleed- 
ing were evidenced by complaints of oligomenorrhea, 
menorrhagia and amenorrhea. 

Dysfunctional bleeding is a term applied to out-of- 
phase uterine bleeding not caused by evident organic 
disease, such as neoplasm.° It is a problem which presents 
itself in a variety of clinical manifestations, including 
amenorrhea, or as episodic or irregular menses Or exces- 
sive bleeding. The reason for dysfunctional bleeding in 
the setting of the cyanotic female who undergoes surgical 
repair remains unclear. From this study, data suggest 
that menstrual dysfunction may be related to the dura- 
tion of cyanosis after the onset of menarche. However, 
further studies are needed. Regardless of etiology, the 
data from this preliminary study have important clinical 
implications. 

First, any female presenting with dysfunctional or 
abnormal bleeding should be evaluated for underlying 
etiology and possible anovulation. Chronic anovulation is 
associated with long-term unopposed estrogen production 
which can lead to endometrial hyperplasia, and an in- 
creased risk of uterine hemorrhage and adenocarcino- 
ma.° While hormonal replacement therapy with proges- 


terone would be the treatment of choice, the preliminary 
steps in any dysfunctional work-up would include a histo- 
ry and a physical and pelvic examination. 

Second, because the number of successful Fontan or 
modified Fontan procedures are increasing, the number 
of females reaching childbearing age also will increase, 
and, from these data, it is apparent that pregnancy is 
possible. Therefore, until further pregnancy outcome 
cases are reported, it is important that adolescent 
females, their parents and adult females be properly 
informed of the limits of current information, the need 
for appropriate contraception and carefully planned 
pregnancies. 


1. Fontan F, Baudet W. Surgical repair of tricuspid atresia. Thorax l 97 | ;26:240- 
248. 

2. DeLeon SY, Ilbawi MN, Idriss FS, Muster AJ, Gidding SS, Berry TE, Paul 
MH. Fontan type operation for complex lesions. Surgical considerations to im- 
prove survival. J Thorac Cardiovasc Surg 1986;92:1 029-1037. 

3. Jones GS, Wentz AC. Adolescence, menstruation and the climacteric. In: 
Danforth ND, ed. Obstetrics and Gynecology, 4th edition. Philadelphia: Harper 
& Row, 1982:157-181. 

4. Fyfe DA, Gillette DC, Danielson GK. Successful pregnancy following modified 
Fontan in a patient with tricuspid atresia and recurrent atrial flutter. Am Heart J 
1989;1 17:1387-1388. 

5. Yen SSC. Chronic anovulation caused by peripheral endocrine disorders. In: 
Yen SSC, Jaffe RB, eds. Reproductive Endocrinology: Physiologic, Pathophysiol- 
ogy and Clinical Management. Philadelphia: WB Saunders, 1986:441-449. 
6. Disaia PJ, Creasman WT. Clinical Gynecologic Oncology. St. Louis: CV 
Mosby, 1981:106-127. 


Ultradian, Circadian and Infradian Periodicity of 


Some Cardiovascular Emergencies 


Pietro Cugini, MD, Loredana Di Palma, MD, Paola Battisti, MD, Giuseppe Leone, MD, 
Enrico Materia, MD, Alessandro Parenzi, MD, Mario Romano, MD, Ugo Ferrera, MD, 
and Manlio Moretti, MD 


So." investigations indicate a circadian distribution were confirmed by an appropriate clinical and instru- 
in clinical onset of myocardial infarction! and pulmo- mental work-up as suggested by the disease under scru- 
nary thromboembolism.? Our study examines periodic tiny. The numerical distribution of total cases for each 
variations that occur in hypertensive crisis (paroxysmal disease is listed in Table I. The admission was summa- 
elevation of blood pressure >240/120 mm Hg associated rized in order to obtain the absolute frequency/time peri- 
with critical symptomatology), acute pulmonary ede- od. Time data series were rhythmometrically analyzed 
ma, life-threatening supraventricular arrhythmias (atrial by means of single cosinor methođď? for the circadian, 
flutter and/or fibrillation with heart rate >200 beats/ circaseptan and circannual periods. If the circadian peri- 
min and collapse), cerebral stroke and acute myocardial odicity was not confirmed, the spectral analysis? was 
infarction. Our study deals with the following spectrum used to identify ultradian cycles (period <24 hours). 

of frequencies: the circadian period (24 hours); the circa- The within-day occurrence of diseases under scrutiny 
septan period (7 days); and the circannual period (12 is shown in Figure 1, along with the results by chronobio- 
months). logic analysis. The highest frequency of acute myocardi- 

The study was carried out by checking the clinical al infarction was recorded twice, respectively, between 10 
charts of all cases admitted to the Hospital University and 11 AM. and between 3 and 5 PM., while the lowest 
(Rome) during 1988. The chronologic onset of a pa- frequency was seen after midnight. The rhythmometric 
tient’s acute disease was carefully annotated in terms of analysis found that the circadian oscillation was not 
clock hours and calendar times in patient notes, as our statistically significant (p = 0.103). The spectral analy- 
hospital is sensitized to approach such an epidemiology sis detected a statistically significant cycle (p = 0.003) 
according to a chronobiologic design. All the diagnoses having a period of 3 hours. 

The highest frequency for hypertensive crisis was 
seen at 10 aM., while the lowest incidence was detected 
between 3 and 5 a.m. The cosinor analysis found a signifi- 
cant fluctuation (p <0.001) with an acrophase timing at 
3 PM. 
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ceived and accepted March 14, 1990. 


240 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


~ ia oo 


The day-night frequency of cerebral stroke was seen 
to show 2 peaks, respectively, at 9 A.M. and 8 PM., with a 
minimum between 11 p.m. and 4 am. The chronobiologic 
analysis found a sinusoidal wave with a highly statisti- 
cally significant oscillation (p = 0.003), the acrophase of 
which is located at noon. 

The highest frequency of life-threatening supraven- 
tricular arrhythmias was seen at 8 and 11 a.m., while the 
trough level was detected at 3 and 5 a.m. The rhythmo- 
metric analysis found the circadian oscillation to be of 
borderline significance (p = 0.053). The spectral analy- 
sis detected a significant cycle (p <0.01) having a period 
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FIGURE 1. Chronograms (left), cosinor- 
grams (middle) and polar plots (right) for 
the circadian incidence of some cardiovas- 
cular diseases. 
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of 16 hours. The highest frequency of acute pulmonary 


edema was seen at 10 p.M., with subsidiary peaks at —— 


midnight and 2 A.M. The cosinor analysis found a highly 
statistically significant wave (p <0.01) with the acro- 
phase at 10 pM. 

The weekly occurrence of the diseases under study is 
shown in Figure 2, along with the chronobiologic esti- 
mates. The highest frequency of acute myocardial in- 
farction was recorded at the fifth day of the week. The 
cosinor analysis found that the sinusoidal wave was not 
statistically significant (p = 0.783). 

The highest frequency of hypertensive crisis was seen 
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at the sixth day of the week. The cosinor analysis found 
that the harmonic wave was not statistically significant. 

The highest frequency of cerebral stroke was found at 
the first day of the week. The rhythmometric analysis 
found that the circaseptan oscillation was not statistical- 
ly significant. 

The annual occurrence of the clinical diseases under 
investigation is shown in Figure 3, along with the out- 
comes of chronobiologic analysis. 

The highest frequency of myocardial infarction was 
recorded at January and May, while the lowest incidence 
was seen at March and August. The rhythmometric 
analysis found that the circannual oscillation was not 
significant. 

The highest frequency of hypertensive crisis was seen 
in January, while the lowest frequency was detected in 
July and August. The cosinor analysis has found the 
circannual oscillation to be statistically significant (p 
<0.01). 

The highest incidence of cerebral stroke was seen in 
February and the lowest frequency was recorded in Au- 
gust and December. The chronobiologic analysis found 
the circannual oscillation to be statistically significant (p 
<0.01) with an acrophase in March. 

Our data on within-day variations show that acute 
myocardial infarction peaks twice during the day, show- 
ing a perfect concordance with the findings of other inves- 
tigators.° Despite the 24-hour variability, the cosinor 
analysis was, however, unable to detect a circadian peri- 
odicity in this phenomenon. The spectral analysis, on the 
contrary, resolved a harmonic component suggesting an 
ultradian recursivity with a short period. The 3-hour cy- 
cle indicates that every 3 hours, there should be, on aver- 
age, an emergency of myocardial infarction, at least in 
our territorial hospital. 

A significant circadian period was documented for 
both the hypertensive crisis and acute pulmonary edema. 
These critical episodes do not have the same acrophase. 
The circadian event is respectively diurnal and nocturnal, 
excluding a temporal interdependence of the 2 diseases. 
Interestingly, no circadian periodicity was detected for 
critical arrhythmias. These latter show, on the contrary, 
an ultradian cyclicity with a 16-hour period. It must be 
stressed that previous chronobiologic investigations re- 
ported a circadian periodicity for most of cardiac ar- 
rhythmias.° These studies were carried out by means of 
Holter electrocardiogram. The discrepancy may be, thus, 
interpreted considering that these studies make conclu- 





TABLE I Numerical Distribution of Cases in Relation to Their 
Disease and the Examined Domain of Periodic Spectrum 






Domain 
SE el aT A TY 
Circadianand Circaseptan and 
Ultradian Circannual 







Disease 





Total 








Acute myocardial 







infarction 
Hypertensive crisis 224 391 615 
Cerebral stroke 209 1,008 1,217 
Supraventricular 87 — 87 






arrhythmias 
Acute pulmonary edema 






sions on the intraindividual variability, while our epide- 
miologic investigation makes conclusions on the interindi- 
vidual recursivity. 

A circadian periodicity with acrophase at noon was 
detected for cerebral stroke. The 24-hour variation for 
this disease has already been reported.” Our data, how- 
ever, show that the within-day variation is truly periodic, 
giving rise to a circadian cycle in its occurrence. 

No report is available about the circaseptan and cir- 
cannual chronomorbidity of cardiovascular emergencies. 
Our data, thus, are difficult to compare and remain mere- 
ly descriptive. Weekly peaks were found for acute myo- 
cardial infarction, hypertensive crisis and cerebral stroke 
occurring on Friday, Saturday and Monday, respectively. 
Such variations, however, were found to be nonsinusoi- 
dally arranged to show a periodicity of 168 hours. No 
circannual periodicity was documented for acute myocar- 
dial infarction, while a 365-day periodicity was detected 
for hypertensive crisis and cerebral stroke, with acro- 
phase at January and March, respectively. 


1. Muller JE, Ludmer PL, Willich SN, Tofler GH, Aylmer G, Klangos I, Stone 
PH. Circadian variation in the frequency of sudden cardiac death. Circulation 
1987;75:131-138. 

2. Colantonio D, Casale R, Abruzzo BP, Lorenzetti G, Pasqualetti P. Circadian 
distribution in fatal pulmonary thromboembolism. Am J Cardiol 1989:64:403- 
404. 

3. Halberg F, Johnson EA, Nelson W. Autorhythmometry: procedures for physi- 
ologic self-measurements and their analysis. Physiol Teacher 1972:1:1-11. 

4. Koopmans LH. Spectral analysis of time series. New York: Academic Press, 
1974:20-28. 

S. Master AM. The role of effort and occupation in coronary occlusion. JAMA 
1960;174:942-948, 

6. Canada WB, Woodward W, Lee G. Circadian rhythm of hourly ventricular 
arrhythmia frequency in man. Angiology 1983;34:274-284. 

7. Agnoli A, Manfredi M, Mossuto L. Rapport entre les rythmes hemeronycteaux 
de la tension arterielle et sa pathogenie de l'insuffisance vasculaire cerebrale. Rev 
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Platelet Infusion-Related Echocardiographic Contrast 


Jean-Jacques Monsuez, MD, Jean-Michel Miclea, MD, Pauline Brice, MD, Laurent Chauveinc, MD, 


and Michel Boiron, MD 


S pontaneous contrast of the cardiac chambers has pre- 
viously been reported in patients with poor left ven- 
tricular function, myocardial infarction-related left ven- 
tricular aneurysms, mitral valve disease and chronic ob- 
structive lung disease.!> The pathophysiology of this 
phenomenon remains poorly understood and, until re- 
cently, red cell aggregation was thought to be the cause. 4 
Recent experimental studies in animals suggested that 
platelet aggregation, rather than red cell aggregation, 
could be involved in this echocardiographic abnormality.’ 

We performed transthoracic 2-dimensional echo- 
cardiography (Hewlett-Packard 77020A echograph, 
3.5-MHz transducer) in 6 patients with hematologic 
neoplastic diseases receiving platelet transfusion for che- 
motherapy-induced thrombocytopenia. Platelet concen- 
trates were obtained from a single donor of the same 
ABO and Rh type as the patient to avoid erythrocyte 
aggregation. No patient had anti-HLA antibodies di- 
rected against platelets of the donor. Platelets, totalling 
at least an equivalent of 8 units of platelet concentrate 
(10!' cells), were delivered through a central venous line 
into the superior vena cava. Two-dimensional echocardi- 
ography was performed before platelet transfusion, dur- 
ing continuous infusion of platelet concentrate (1 0!! cells 
in 200 ml over 30 minutes), during infusion of a bolus of 
10 ml platelet concentrate (5 10° cells over 30 seconds) 
and during a similar bolus of 10 ml of plasma without 
platelets obtained from the same blood donor with the 
same continuous flow blood separator. 

In all cases the platelet count increased after the 
platelet transfusion, reflecting the cell transfer effective- 
ness. Continuous infusion of platelets, as well as the 
rapid infusion of plasma without platelets, was not asso- 
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ciated with the occurrence of abnormal echoes in the 
right cardiac chambers. Multiple large echoes appeared 
in the right cavities during rapid infusion of platelet 
concentrate (Figure 1). 

To our knowledge, platelet infusion-related contrast 
has not previously been reported in humans. Mikell,? 
Sigel5 and their co-workers conversely reported that nei- 
ther plasma, serum nor a platelet-rich plasma produced 
echoes. Our findings suggest that platelets in large num- 
bers can result in contrast in the blood flow. Whether 
echoes moving in the right cavities are due to packed 
normal agglutinated thrombocytes or to metabolically or 
structurally altered platelet aggregates remains un- 
known; we did not perform examination of the platelet 
button by electron microscopy. Nevertheless, platelet 
packs or aggregates may be present in platelet concen- 
trates® administered either by continuous or rapid infu- 
sion. The rapid infusion may produce a higher concentra- 
tion in the right heart blood, and could be more readily 
visualized by echo. 

These findings could provide further validation in 
man of the hypothesis that spontaneous contrast observed 
in the cardiac chambers of some patients is possibly relat- 
ed to platelet aggregates. 


1. Feigenbaum H. Echocardiography, fourth edition. Philadelphia: Lea & 
Febiger, 1986:112. 

2. Mikell FL, Asinger RW, Elsperger KJ, Anderson WR, Hodges M. Regional 
stasis of blood in the dysfunctional left ventricle: echocardiographic detection and 
differentiation from early thrombosis. Circulation 1982,;66:755-763. 

3. Schuchman H, Feigenbaum H, Dillon JC, Chang S. Intracavitary echoes in 
patients with mitral prosthetic valves. J Clin Ultrasound 1975;3:111. 

4. Mahony C, Evans JM, Spain C. Spontaneous contrast and circulating platelet 
aggregates (abstr). Circulation 1989;80(suppl 11).1-1. 

5. Sigel B, Coelho JCU, Spigos DG, Flanigan DP, Schuler JJ, Kasprisin DO, 
Nyhus LM, Capec V. Ultrasonography of blood during stasis and coagulation. 
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FIGURE 1. Long-axis 2-dimensional echocardiography of a patient with pericardial and pleural effusion. A, before delivery of 
platelets. B, after a bolus infusion of platelet concentrate multiple large round echoes move in the right ventricle. 
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CASE REPORT 


Identification of Human Immunodeficiency 
Virus-1 RNA and DNA in the Heart 

of a Child with Cardiovascular Abnormalities 
and Congenital Acquired Immune 


Deficiency Syndrome 


Steven E. Lipshultz, MD, Cecil H. Fox, PhD, 
Antonio R. Perez-Atayde, MD, Stephen P. Sanders, MD, 
Steven D. Colan, MD, Kenneth Mcintosh, MD, 


and Harland S. Winter, MD 


bnormalities of the heart are 

common in infants and children 
congenitally infected with the human 
immunodeficiency virus-1 (HIV-1). 
Enhanced left ventricular perfor- 
mance, abnormal contractility! and 
increased heart mass? are the most 
common of these manifestations. 
The etiology of these abnormalities is 
obscure because there is no obvious 
histologic or ultrastructural explana- 
tion for their presence.! HIV-1 has 
been detected by Southern blot and 
cultivated from homogenized myo- 
cardium,** but these techniques are 
incapable of determining the precise 
location of viral expression or pro- 
viral deoxyribonucleic acid (DNA) 
within the tissue. Using molecular 
techniques, we have undertaken a de- 
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tailed study of 1 patient to establish 
the presence of HIV in myocardium 
and the distribution of cells produc- 
ing viral ribonucleic acid (RNA) in 
the heart muscle. 

The patient had recurrent febrile 
illnesses beginning at 5 months of 
age. Evaluation at 10 months of age 
showed evidence of immunodeficien- 
cy and HIV seropositivity by West- 
ern blot. The CD4:CDs ratio was de- 
pressed at 0.05 and the absolute CD, 
count was <1 cell/mm?. Serum 
immunoglobulins were normal. Res- 
piratory distress associated with res- 
piratory syncytial virus and cyto- 
megalovirus infections prompted 
hospitalization at 11 months of age. 
Cardiac evaluation during that ad- 
mission included electrocardiogra- 
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FIGURE 1. Echocardiographic evaluation of left ventricular function using rate- 

corrected velocity of circumferential fiber-shortening end-systolic wall stress rela- 
tion as previously described.’ Y-axis shows rate-corrected velocity of fiber short- 
ening and X-axis shows end-systolic wall stress. Dotted lines indicate 95% confi- 


dence limits for left ventricular contractility 


. Enhanced left ventricular contractility 


(heart rate-corrected velocity of circumferential fiber shortening = 1.63 circ/s; up- 
per limit of normal for this afterload = 1.23 circ/s) with decreased left ventricular 
afterload (left ventricular end-systolic wall stress = 28 g/cm; normal = 40 to 60 


g/cm?) is noted. 
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phy, 24-hour Holter monitoring and 
echocardiographic evaluation of left 
ventricular function. The electrocar- 
diogram showed sinus tachycardia 
at a rate of 180 to 200 beats/min, a 
right ventricular conduction delay 
pattern, right-axis deviation (110°), 
probable left atrial enlargement and 
a discordant T-wave axis (0°). The 
Holter monitor study showed sinus 
tachycardia and occasional isolated 
uniform ventricular premature 
beats. Left ventricular function was 
hyperdynamic on echocardiography 
(left ventricular shortening fraction 
44%; normal 31 + 3%). Figure 1 
shows the results of stress-velocity 
analysis that indicated enhanced left 
ventricular contractility and de- 
creased afterload in this patient. The 
pulmonary disease progressed and 
the patient died at 13 months of age 
from respiratory failure. An autopsy 
showed generalized cytomegalovirus 
infection of the lungs, duodenum, 
adrenals, liver and spleen, but not 
the heart. Postmortem examination 
of the heart disclosed biventricular 
hypertrophy (weight 55 g; 122% pre- 
dicted). Focal lymphocytic pericar- 
ditis and myocarditis, without in- 
volvement of the intracardiac con- 
duction system, were noted by light 
microscopy. Histologic or culture 
evidence of infection with bacteria or 
viruses other than HIV was not 
found. 

Viral RNA was detected by in 
situ hybridization. Probes were syn- 
thesized from complementary DNA 
representing about 2.5 kilobases of 
the viral genome distributed over 
pol, gag and regulatory regions. 
Probes were labeled with sulfur-35 
cytidine triphosphate and hybridiza- 
tion was performed according to our 
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FIGURE 2. Photomicrographs of auto- 
radiograms of brain tissue from an ac- 
quired immune deficiency syndrome pa- 
tient known to contain human immuno- 
deficiency virus by electron 
microscopy,” which served as a tissue 
control for in situ hybridization. A, high 
power (630X) bright-field view using 
negative antisense probe as a positive 
control. B, dark-field image (400X) of 
brain used as positive control. Dark-field 
microscopy shows both background and 
orientations of silver grains over positive 
cells better than does bright-field. Each 
white dot represents a silver grain in 
developed image. C, positive strand 
(sense) probe shows absense of signal in 
tissue indicating failure of hybridization 
with infected cells. 
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FIGURE 3. Positive cardiac cells from in situ hybridization. A, dark-field photomicrograph of a positive cell in myocardium. B, 
bright-field photomicrograph of same cell shown in Figure 3A showing location of positive cells in tissues. 
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FIGURE 4. A and B, photomicrographs 
of autoradiogram showing hybridization 
signal to human immunodeficiency virus 
(HIV) over occasional cells within the 
myocardium in an area which appeared 
to be devoid of blood-borne cells. Col- 
lagenous tissue is indicated by “C” in 
upper left corner. Arrows show a cell 
which may be a myocardial interstitial 
endothelial cell by bright- (A) and dark- 
field (B) microscopy that is positive for 
(HIV) genome. Arrowheads identify 
myocyte-like cells by bright and dark- 
field microscopy that are also positive 
for HIV genome. Although these signals 
appear related to endothelial cells and 
myocytes, this technique may not permit 
precise cellular identification for the sig- 
nal. C, photomicrograph of autoradio- 
gram showing vascular channels out- 
lined by silver grains as seen by bright- 
field microscopy (hematoxylin-eosin 
stain) and same section by dark-field 
microscopy (D). 
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detailed protocol (available from 
Lofstrand Labs Ltd.). Paraffin-em- 
bedded autopsy tissues were sec- 
tioned and mounted on silanized 
slides (American Histolabs). Sec- 
tions were hybridized with 2 differ- 
ent sets of probes synthesized at dif- 
ferent times. Hybridizations used 
sense and antisense probes. Control 
slides consisted of tissues known to 
contain HIV-1 RNA and virions 
(Figure 2A and B), uninfected tis- 
‘sues, infected cells, uninfected cells 
ud tissues hybridized with “non- 
se” probes as well as “negative” 
se) control slides (Figure 2C). 

¥ hybridization, tissues were 

èd with hematoxylin and eosin. 
counterstaining allows detec- 

f nonspecific binding of probe 
inophils. Slides were exam- 





ined by bright and dark field micros- 
copy. Cells that hybridized with neg- 
ative-strand probes (antisense) were 
found on each hybridization (Figure 
3). Positive-strand (sense) probes 
failed to hybridize. Hybridization 
was noted in only a few cells per sec- 
tion (1 to 3 cells/10,000 mm? of 5 
micron sections). The cells were pre- 
dominantly located within the myo- 
cardium (Figure 4A and B), al- 
though rare cells were found in vas- 
cular channels (Figure 4C and D). In 
no instance was a positive cell seen in 
an area of histologic inflammation. 
While it is impossible to be certain of 
the nature of the positive cells, be- 
cause of their morphology and loca- 
tion, they appear to represent myo- 
cytes, macrophages and/or endothe- 
lial cells. 





The presence of HIV-1 proviral 
DNA was determined by polymerase 
chain reaction (PCR) amplification 
of DNA in tissue sections. Tissue 
sections adjacent to those used for in 
situ hybridization were cut on a ro- 
tary microtome at a thickness of 50 
u (1 X 1 cm?) and 2 sections were 
placed in an Eppendorf tube. The 
paraffin was removed by extraction 
with chloroform, chloroform-meth- 
anol 1:1 and ethanol. The dried tis- 
sue was digested with standard PCR 
buffer (Cetus-Perkins Elmer) con- 
taining 4.5 ul of NP40, 4.5 ul of 
polysorbate 20 and 65 ug of protease 
K/ml overnight at 45°C. The diges- 
tion mixture was inactivated at 90°C 
and, after centrifugation, 50 ul of 
this lysate was used for PCR. Two 
different primer pairs (SK-38/39 
and SK-68/69) were used.°’ The 
samples were amplified for 30 cycles 
followed by liquid hybridization 
with specific phosphorus-32 labeled 
oligomer probes (SK-19 or SK-70). 
A human HLA primer control was 
included to ensure amplification had 
occurred and HIV-positive and neg- 
ative control slides were also used 
for each amplification. The end-la- 
beled probe/product hybrids were 
separated on 8% acrylamide gels by 
electrophoresis and the gels were 
autoradiographed for 2 hours at 
—70°C. Results of PCR analysis 
were positive and are shown in Fig- 
ure 5. 

We have shown HIV-1 infection 
of the cells and tissues of the heart in 
a child with myocardial disease. The 
identity of these infected cells is not 
entirely clear, but their morphology 
and location lead us to believe that 
they may represent myocytes, mono- 
cytes and/or endothelial cells. The 
small number of infected cells im- 
plies an indirect effect of HIV on 
myocardial disease in this patient. 
Nevertheless, because in situ hybrid- 
ization does not detect cells contain- 
ing only provirus, a higher percent- 
age of cells within the heart may be 
infected. 

The HIV infection of this child 
was persistent and may have begun 
during gestational development. This 
implies that the distribution of HIV- 
infected cells at autopsy is the culmi- 
nation of a long and progressive pro- 
cess. Such a disease probably has 
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FIGURE 5. Polyacrylamide gel of human immunodeficiency virus (HIV-1) polymer- 
ase chain reaction. Lanes 1 and 4, sections of heart from this patient. Lanes 2 and 
5, H-9 cells infected with HIV-1. Lanes 3 and 6, non-HIV-infected H-9 cells. Lanes 
1 to 3 contain the products of amplification with SK-38/SK-39 primer pairs that de- 
fine a region encoding a segment of p24 core protein of HIV-1. Product was identi- 
fied by SK-19 probe (arrow on right). Lanes 4 to 6, products of amplification with 
SK-68/SK-69, primer pairs that define regions encoding for a segment of the gp41 
transmembrane protein of HIV-1. Product was identified with SK-70 probe (arrow 


on left). 


complex mechanisms of tissue pa- 
thology, most of which are unknown 
and are the result of slow and insidi- 
ous progression. It may be that cyto- 
kines, produced as a result of chronic 
infection and cellular activation, can 
induce major functional and struc- 
tural changes in the myocardium. 
Persistent local inflammatory re- 
sponse to viral antigens produced by 
infected cells is another possible 
mechanism for the prolonged patho- 
logic process. Activation of another 
genetic process such as protoonco- 
genes, which are thought to mediate 
hypertrophic and hyperplastic re- 


sponses of the myocardium, is a fur- 
ther testable subject for study. 

The histologic identity of the cells 
seen to be infected by in situ hybrid- 
ization requires further study. Be- 
cause of the technical difficulties in 
accurately identifying the origin of 
cells in heart muscle, we cannot be 
certain whether the cells producing 
viral RNA are wandering monocyte/ 
macrophages, adventitious infected 
lymphocytes or, as they appear in 
histologic sections, myocytes or en- 
dothelial cells infected by an as yet 
unknown entry mechanism. We are 
actively pursuing studies to corrobo- 
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rate our impression that they may be 
myocytes and/or endothelial cells. 
The features of cardiac disease in 
this child are among those that we 
have commonly observed in children 
and infants with HIV infection,! in- 
cluding increased myocardial mass, 
hyperdynamic ventricular function, 
decreased ventricular afterload and, 
at autopsy, focal myocarditis and 
pericarditis. Whether these effects 
are the result of the persistent viral 
infection, viremia, chronic opportu 
nistic infection, coincidental fail 
to thrive, developmental impairm 
or some combination of these wi’ 
quire a better understanding c 
dynamics of slow virus infectic 
the heart. 
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male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng/ J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(<35 mg/dL) baseline level of HDL cholesterol? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 





LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 


in the landmark Helsinki Heart Study (HHS)? 
Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)? 


A powerful case for 


PID ees 


4 ‘| ) 600-m 
gemfibrozil ) see 
RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type IIb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. |. Lipid levels in 500 survivors of myocardial 
infarction. | Clin Invest. 1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Munster Trial. Zürich: Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis. 
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